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Foreword

The ierrestrial and freshwater sciences are a diverse and complex area covering
a wide range of scales in space and time. There is also a strong interaction
between them and the economic and social sciences, industry and commerce.
It is increasingly recognised thar many of the long standing and the newly
emerging environmental issues require a multi-disciplinary integrated research
for their resolution. The 1993 White Paper “Realising our Potential - a Strategy
for Science, Engineering and Technology”, reaffirmed the NERC as the lead
body for research, survey and training in the environmental sciences and
provided the NERC with a new Charter. To meet its aims Professor John Krebs,
the Chief Executive, working with the Council, restructured the NERC. A major
element of this was the regrouping within the Centre for Ecology and
Hydrology of the

Institute of Freshwater Ecology (IFE)

Institute of Hydrology (IH)

Institute of Terrestrial Ecology (ITE) and the

Institute of Virology and Environmental Microbiology (IVEM)

The combined activities of the Institutes cover the full range of terrestrial and
freshwater sciences and this must give CEH internationally one of the strongest
capabilities for holistic research, environmental monitoring and as a dara
resource. The CEH outreach is extensive. The two figures in an Annex to this
Report show the location of the principal CEH Institute stations in the UK and
in those overseas countries in which CEH scientists are, or have been recently,

active.

As the former Director of the Institute of Hydrology it is inevitable that I take
a special interest in its activities. I ended my valedictory report as Director IH
in 1993/94 with the message that T was leaving the Institute “in the safe hands”
of Tony Debney. This has indeed proved 1o be the case. This Report
demonstrates very well how the Institute's science has continued 1o flourish,
that Commissioned Research has been maintainéd at a steady level and a
number of new initiatives have been started. I commend the Report to you.

I would also take this’ opportunity to draw your attention to the
complementary Annual Reports for 1994/95 from the other CEH Institutes and
to the CEH overview report.

Brian Wilkinson
Director, Centre for Ecology and Hydrology
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Water is different: it
cuts across all facets
of society and
therefore has no
favoured user
community.

Director’s
Introduction

The 1993 Government White Paper
“Realising Our Potential”
precipitated an unprecedented
examination of the way science,
engineering and technology links
with national endeavour and
contributes to prosperity and to the
quality of our lives. 1994/95 has
therefore been a year with more
attention paid to the way our
scientific community organises,
plans and executes delivery of its
rescarch than at any other time since
the formation of NERC. Some
changes have already occurred,
Others, concerned with the planning
and content of future research
portfolios and funding mechanisms,

are still emerging.

Key events in which we have

actively participated include:

m  Efficiency Serutiny of Public

Sector Research Establishments.

The reshaping of NERC
management structure with IH

moving into a Centre for

Director's Introduction

Ecology and Hydrology.

Identification of key
environmental issues and
strategic aims within the new
NERC Mission.

Development of the National
Technology Foresight
Programme and NERC's own

foresight activities.

This report therefore records a
selection of items from our research
portfolio against a background of
rapid evolution and adaptation
responding to a national drive to
improve the relevance and transfer
of science from the research base 1o
users. This is, and has been for two
decades, an area in which we excel.
160 projects during the year
concerned research of direct benefit
to users, many of them making
advances on previous work
emerging from our strategic core
programmes, or as a consequence of
requests Lo continue or expand

work funded by users in the past.
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Director’'s Introduction

Output from the Institute has
increased again in 1994: 199
research reports were delivered to
users whilst 150 scientific papers
were published in the scientific

literature.
Scientific priorities

NERC has a revised Charter and, in
responding to ils new mission,
recognises six major issues high on

the UK's environmental agenda:

(1) Management of land, water and
the coastal zone, identilication
and exploitation of land and
freshwater resources and their

sustainability.

(2) Understanding and protection of

biodiversity.

(3) Waste management,
bioremediation and land

restoration.

(4) Pollution of air, land and fresh
water in relation o
environmental and human
health.

(3) Environmental risks and hazards
and improved prediction of

extreme events.

(6) Global change, including
prediction on a range of time

and space scales.

1. Sustainability
(39%)

2. Biodiversity
(9%)

3. Waste management —§
(3%)

6. Global change

(s}
4. Pollution (14%)

5, Environmental risks
(16%)

Number of research projects expressed as a percentage of the total programme
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Key problems in basic
understanding within the areas of
these priority issues will lie at the
heart of NERC's future science
agenda. Most of our work already

addresses these matters.

About 40 percent of current work
relates to NERC Issue 1. Our
research focuses on improved
understanding of the impact of land-
use and other anthropogenic
changes on freshwater systems, on a
better understanding of the physical
processes in the terrestrial

hydrological cycle and on the ability

o model — and hence predict —
the impact of human activities on
this cycle. Here the long-term aim is
to provide substantial support to the
development ol sustainable
management techniques, and
increasingly, (o encompass the
challenge of managing complete
river basins,

50 per cent of our projects address

Pollution, Environmiental Risk and ‘
Global Change (NERC issues 4, 5

and 6) in more or less equal

proportion as follows:

B [mproved understanding of the
dynamics and key processes
controlling pollution, through
surface water systems and their
representation within
mathematical models which aid
scientilic understanding and
hence water quality

management. (Issue 4)

B Advancing the science of
predicting and forecasting the
extremes of hvdrological and
meteorological variables, and to
develop and apply hydrological
models o improve the
effectiveness of engineering
provision for water resource and |

Hood management. (Issue 3) |

B Increased understanding of

hydrological processes at




regional and global scales; to
foster improved representation
in models of the global climate
and in continental-scale
hydrological models of future
climate and regional water

resources, (Issue 0)

Our current involvement in research
aimed at understanding and
predicting biodiversity is relatively
small. However, placing this Institute
within a Centre for Ecology and
Hydrology has strengthened and
encouraged opportunities for
hydrological science to contribute
more to the understanding of
biological processes and interactions
and hence a fuller appreciation of
the role of water as an
environmental agent. IH brings to
this new venture established
research experience on the effects of
vegetation and soil processes on the
hydrological cycle in different
climates; the development and
application of hydro-ecological
models; and sustainable use of
water, particularly where the
resource is sparse and especially
where dryland degradation is a
concern.

Research focused directly on waste
management science has not been
an area of major involvement for this
Institute. Instead we have
concentrated on the processes and
mechanisms by which pollutants,
chemicals and sediments are
transferred from the land surface and
soil into fluvial systems and on
quantifying fluxes in river systems.
We bring to CEH extensive
-experieﬁce in the development and
application of mathematical models
in this area and 1 recognise many
opportunities 1o work closely with
the three CEH sister institutes on in-
river processes, reclamation of
polluted land and in bioremediation

of surface walers,

Delivery mechanisms

CEH is now the route for NERC
funding of our core science
programme and indeed for research
targeting specific strategic objectives
identified through NERC planning
exercises, Core science funding for
IH in 1994/95 continued to be held
at about £1 million and 1 am
delighted to record funding for
Community Research Programmes
(thematic activities) at almost the
same level. Together they now
comprise some 30 per cent of our
income which is invested almost
entirely in specific research activities
or in direct scientific support to

these.

Our current science budget
programme comprises 28 projects.

B A portfolio of relatively short
duration (3-year) projects. These
address key scientific problems.
of relevance 1o matters of
emerging strategic concern.
Organics in aquatic
environments, effects of UK
forestry on summer river flows,
ecologically acceptable river
flows and interactions between
soil/vegetation/atmosphere and
climate are examples of current

work in this category.

B Long-lerm intensive monitoring
of small experimental
catchments to improve the
prediction of effects of land use,
land-use change and climate on

2,500

2,000

1.500
£k

1,000

500

Director’s Introduction

water yield and quality in the
UK. Here our Plynlimon
laboratory has delivered the
most important hydrological
experimental record in Europe,
arguably one of the most
comprehensive in the world.
The UK water industry,
researchers from around the
world and many student parties
visit each year. Currently the site
supports seven CASE
studentships, several dissertation
projects and is the location for
several joint research projects
with other NERC Institutes.

Development of new techniques
and facilities which underpin
our science base. Currently
these include research to
measure regional evaporation
from satellite data, exploiting
remote sensing applications for
hydrology. linking hydrological
and hydrochemical models and
GIS systems, and researching

new data capture techniques.

‘Our single largest Science

Budget expenditure concerns

the UK Surface Water Archive.

Stewardship transferred to IH in

1982 1o deliver Government's
requirements for a central
archive alongside that of the
British Geological Survey
Groundwater records. Data from
a network of over 1200 river
gauging stations are collated.
We publish yearbooks and
specialist reports dealing with

86/87 87/88 88/89 89/90 90/91 91/92 92/93 83/94 94/95

mi Core science funding

| Thematic science funding

INSTITUTE OF HYDROLOGY ANNUAL REPORT 1994-95 ix




Director's Introduction

the analysis of significant
hydrological events, During the
winter of 1994/95 the archive
wits 2 major source of advice 1o
Government as severe flooding
threatened. As [ write it is now
providing urgent analysis of the

deepening drought.

Nineteen projects have been funded
under NERC's Community Research
and Special Topic programmes. This
year's annual report highlights
emerging results from our
participation in the Land Ocean
Interaction Study (LCIS). IH has
made excellent and rapid progress
in running the Rivers Data Centre
and in setting up core chemistry and

coordinating modelling activities.

At the heart of reorganisation is a
drive 1owards increasing efficiency
o compete more effectively, and a
push 10 encournge the scientific
community o be more aware and
hence more responsive o the needs
of users of the results of research. It
is difficult for this Institute 1o
envisiage closer associations with
users than have existed throughow
the past two decades. This has been
possible because water is a special
natural resource and hydrological
research touches and benefits
virtually every segment of human
activity and most facets of the
natural environment, Each and every
user competes with others for the
resource, affecting the quaatity and
quality as often as not 1o the
dishenefit of other potential usees
somewhere else within human
society, or indeed to the disbenefit
of other life forms awempting 10 co-

exist with man.

[IH has established an enviable

reputation for providing impartial
and expert advice, across oflen
conflicting responsibilities of many
of the UK organisations with
statutory, professional, industrial or

commercial interests in water, 1994/
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95 saw associations with some 40
private sector companies. This has
given both depth and breadth to the
range of topics and environmental
issues in which we are actively
invohved and continues o attract a
wide range of users: about 6096 of
income was derived from such
commissioned research in 1994/93,

[mportant examples are:

Flood extremes

- the analysis of specific floods

- statistical methods of flood
estimation and rainfull frequency

— flood runoff in urban areas

- real time flood forecasting
techniques

- mapping of flood-risk areas

- initial work on the Flood
Estimation Handbook

- catchment characteristics for flood

estimation

Water quality

- critical loads

- acidification wends

— herbicide degradation

— impact of forest management

Water resources and water supply
- soil moisture monitoring
— regional procedures for estimating

groundwater recharge

Riverine/wetland bebitats

— ceologically acceptable flows

— design of habitat improvements

- protection of wetlands in East
Anglia

Invivonmental inpact

— impact of agricultural reforms and
climate change on runoff in major
basins

— impact of waste disposal and

mineral extraction

sSome of our work supports the aid
progrommes of the Overseas
Development Administration (ODA)
or contributes o invisible earnings
from the export of UK know-how

OVETSeils.




®  Small-scale irrigation and water
management for sustainability in
semi-arid areas,

m  Establishing design methods for
urban drainage in developing
couniries,

B Providing impartial advice to the
governments of Lesotho and
Republic of South Africa to
calculate water transfer royalties.

B investgation of low flows in
Southern Africa.

B Yield assessments of resenvoirs
in Tanzania.

®  River basin management in
Chile.

m Groundwater modelling in
Jordan.

® Development of improved
methods and procedures for
irrigation systems in the

Philippines.

Encouraging technology transfer
and public understanding of the
environment

Professional responsibilitics of TH
staff are very wide, representing
NERC on some 30 national
committees, including Government
Advisory committees, the British
Standards Institute, professional
societies and institutions, and on
seven Research Council committees.
Statf also continued to contribute
their hydrological expertise to 25
European and other international
comminees and working groups and
to the editorial boards of various

international journals.

The Schools Liaison Officer has co-
ordinated activities with local
schools. During the year nine
placements were found for work
experience students und we had our
first GNVQ student on site. For
SET95, a study pack comparing the
hydrology of a Chalk and a non-
Chalk catchment was produced and
circulated to local schools and a
hydrological essay competition held.

Working with users however
provides the main route for transfer
of our science. The application of
Information Technology in the form
of software development (including
models), database services and
remole sensing applications are
becoming increasingly important to
us and the water industiry. We
welcome and are actively seeking
closer collaborations. The main
industrial and commercial users in
1994/95, apart from the waker
industry itself, included:

m  chemical industry

W power sector

m civil engineering companies
m  peat and mineral aggregaies
industry

waste disposal compunies
agricultural sector

insurance and finance sectors

environmental consultancies

A “Software Open Day’ to
demonstrate our increusing range of
hydrological software was held at
Wallingford in January 1995, Spread
over two days, this was attended by
over 100 representatives from
universities, the water industry and

consulting firms.
In conclusion

When I was appointed Acting
Director in April 1994 [ replaced
Professor Brian Wilkinson who
moved to take on the challenge as
NERC's first Director of the Centre
for Ecology and Hydrology. [
inherited an Institute in very sound
health. We deliver one of the nine

environmental disciplinary

responsibilities of the NERC Mission.

Wi comprise just six per cent of
NERC staff but seem exceptionally
well placed to help it meet its
future. We have yielded 13 per cent
of its externally supponed research
and are already major players in

areas of its future priorities.

Director's introduction

1994/95 was not an easy year for my
staff. Increased competitiveness in
science involves additional overhead
duties. Preparation of bids and
submissions to win funding is an
activity of ever increasing
significance to all researchers. Last
year the time just to this activity
doubled and amounted to eighi
man-years effort in 2 community of
190. Internally one of our measures
of efficiency is the delivery of at
least 70 per cent of all our income
directly to scientific activities. This
we managed, just, and I must record
my thanks to all staff for their
continued high level of performance
against the background of
considerable change and of growing

expectations on them.

Finally, perhaps o comment on one
change that will be particularly
welcome, especially 1o [H staff at
Wallingford, but also 10 those
colleagues from the British
Geological Survey and NERC
Computing Services who share this
site with us. The 1995 NERC
Business Plan shows funding for
replacement over the next two vears
of temporary accommodation and
for improvements to library, data
centre and meeting room facilities.
These have been planned for and
awaited over almost a decade during
which hydrological and hydro-
logical research at Wallingford has
flourished and grown, Now as the
directorate of the Centre for Ecology
and Hydrology also moves onto this
campus, accommodation becomes
an ever more pressing issue which
can only be solved by even more
temporary buildings. It will therefore
be increasingly difficult for us to
welcome students and visiting
researchers to work here over the
next two years. | hope that staff and
our user community will bear with
us until & permanent solution has

been provided.

Tony Debney, Director
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FORECASTING AND
DESIGN PREDICTION:
CONTRASTING
FEATURES OF FLOODS
RESEARCH

Duncan Reed and
Bob Moore

ENGINEERING HYDROLOGY

Extreme bydrological events inevitably raise many

questions in our user community concerning frequency

of the event, likelihood of recurrence, whether or not

Jrequencies are changing and could the event have been

Jorecast? The engineering community of the water

industry, the resource planner responsible for the

design, management and operation of complex and

costly water resource systems and UK government

departments are all users of much of this research.

Engineering

Hydrology

Our research seeks o provide
advanced techniques for flood and
low flow estimation, for forecasting
extremes, for assessing the
availability of water resources and
increasingly for determining the
impact of environmental change on
the refiability of existing and
proposed schemes. A selection of
key issues and scientific
achievements is described in the
following pages. Additionally, we
continue to advance modelling of
the inter-site and inter-duration

In some sertings, flooding can bring
riches as well as hardship. But in
developed countries the impact is
nearly all for ill: flooding endangers,
destroys, damages and disrupts. The
Great Flood of 1993 in the USA
killed 48 people whilst damage
casts are estimated to be as great as
$15-20 billion with’ 50,000 homes
affected. Though flood depth
determines the extent of damage,

dependence in extreme rainfall,
assessing the impact of urbanisation
on flood response in monsoon
climates and regionalising
hydrological variables based on
exlensive international databases.
Our achievements would not have
been possible without the close and
long-term co-operation that we have
established with national and
international funding agencies,
consulling companies and university
depantments throughout Europe and
the rest of the world.

particular danger arises from flash
floods, through their swift onset and
accompanying high velocitics, While
the sustained Rhine flood of January
1995 verged on a European
catastrophe, the Vaison la Romaine
event in Southern France in
September 1992 was the more costly
in human terms, when 40 people
perished within hours of rain
commencing,
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ENGINEERING HYDROLOGY

Floods research has always formed
an imponant element of the
Institute’s work. In this brief
overview, we identify features thart
distinguish flood estimation and
flood forecasting, and point 10 some

current lines of research,

Flood estimation is crucial to the
cost-effective design of sewers,
culverts, dykes und other structures,
designed 1o accommodate flood
flows safely. It may also be relevant
1o selling insurance premiums,
through the production of flood risk
maps {(see also page 16). Flood
Jorecasting is vital 1o raising the
alarm when defence-threatening
conditions arise. Timely warnings
allow the flood 1o be foughr,
keeping the water away from

property and people or pice verse.

For some people, professional duty
or mural.curiosity is 2 spur to
understanding in the aftermath of a
major flood. To others, the flood
phenomenon is introduced in the
lecture room, with the analysis of
flood peak data, or rainfall-runoff
maodelling of recorded events, soon
following. <The modelling of flood
formation on instrumented
atchments provides much scope for
statistical, mishematical, conceptual

and physical elaboration.

Such experimentation affords
opportunities to identify and
quantify the influential processes. An
important aspect is 1o represent the
effects that particular changes in
land use exert on flow regimes. Yet
the derivation of improved
~atchment models does not
dominuie current [H research in
Toxxd estimation and flood
forecusting, Perhaps this reflects that
in these very practical areas of
enginecring hydrology risk
assessment is more important than
modelling per se. Statistical aspects

are therefore never far away.,

Contrasts

Flood estimation is inevitably rather
nebulous and long-term, the user
thinking as much of hypothetical
“design” events as real ones. A
recurrent worry is that the subject
catchment may somehow be
unusuzl, and that rare floods might
be rather greater than standard
assessments indicare. There are few
opportunities for feedhack in flood
frequency estimation. A good
estimate may be blackened by the
chance incidence of extreme events.
More likely, a poor estimate may be
sustained for many vears, perhaps
because relevant data for validation

are never gathered.

In conirast, flood forecasting is both
short-term and exceedingly specific:
so specific that being up-to-the-
minute may take precedence over
being completely right. Here the
fear is that the current event may
somehow be unusual: if the incident
rainfall is vnusually distributed in
time or space, might this mislead the
forecast? A feature of flood
forecasting is that opportunities for
feedback arise when they are most
needed: 0 warning is issued and,
within hours, further knowledge of
the forecasting system’s performance
is gained. Updaiing methods, which
combine a model forecast with
recent measurements of river flow,

allow forecasts (o be refined,
Real-time flood forecasting

What are the priority issues that
flood forecasting research must
address and how are they to be
advanced? These questions were
the heart of a recent review of
opportunities for research carried
out for the Ministry of Agriculture
Fisheries and Food. Of eight topics
identified, gremest priority was
attached to "flood warning under
uncertainty” and "updating
methods®, With regard to forecasting
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in the presence of uncerainty, the
etsemble approach is being
developed in which the decision 1o
warn (or not) is based on synthesis
of a number of equi-probable

outcomes 1o the current event.

Research on updating procedures is
exploring methods suggested by
recent developments in Bayesian
statistics, in which compiicated
manipulations of probability
distributions are replaced by use of
appropriately generated random
samples. In principle, these allow an
optimal solution to the updating
problem, while avoiding the
approximations and assumptions
encountered in use of the much

researched Kalman filter.

Snow und snowmelt present special
difficulties when forecasting river
flows. The processes involved are
complex and the inputs difficult to
specify, not least through spatial
variability. A study for the National
Rivers Authority and MAFF has set
up enhanced instrumentation in the
headwaters of the Tees, Aire, Severn
and Tame, with the aim of providing
a database 1o suppert snowmelt
model development. The models
being assessed have varying data
requirements, and range from simple
lumped models with a *temperature
index” melt equation, through more
distributed conceptual formulations
employing digital terrain data and
elevation zoning, 10 an “energy
budget” description of melt under
topographic control. The year saw
the extension of the study to the
Balquhidder catchment under

Scottish Office support.

The variation of rainfall across a
catchment is a further source of
uncertainty in flood forecasts.
Rescarch on the measurement of
rainfall by radar has been a femure
for some years. Most recenily,
techniques for radar calibration

using raingauges and radar rainfall



forecasting have been integrated o
form the HYRAD (HYdrological
RADar) system, a software product
for the real-time reception and
animated display of weather radar
data as both raw images and
processed products. Research on
rainfall and radar is continuing as
part of the HYREX Special Topic
(see page 4).

Flood forecasting is often required
across o region, drained by a
number of river sysiems and
monitored by telemetry outstations
measuring river and tidal levels,
rainfall, weather variables and
control structure settings.
Forecasting in such a complex
situation concerns not only a range
of catchment, channel flow routing,
hydrodynamic and tidal models —
through which data and forecasts are
passed — but ulso the rigorous
management of incoming data and
outgoing forecasts and flood-
warning messages. The River Flow
Forecasting System (RFFS)
accomplishes this in an efficient
manner. Its generic design allows
application to any river network
without recoding, the easy
adaptation of an existing
configuration to accommodate new
forecast or measurement sites, and a
socket-style interface allowing new
madels to be introduced with case,
An operational system can make use
of the observed and forecast rainfalls
available from HYRAD. The RFFS is
now used for forecasting throughout
Yorkshire, in the Thames basin, the
White Cart (Glasgow) and the Indus
(Hong Kong).

Flood frequency estimation

Research to develop a new Flood
Estimation Handbook began in April
1994, The Handbook will supersede
the much used Flood Studies Report
and supplementary methods. One
part will provide a technical

restatement of the FSR rainfall-runoff

s

method which, following recent
enhancement, will continue in use
for some years yet. Other parts of
the Flood Estimation Handbook will
be original, presenting new
generalisations of rainfall and flood
frequency across the UK. Although
funding is led by MAFF., the
programme relies on funding and
co-operation from many sources.

Users can look forward to an
important change in flood frequency
estimation by statistical methods:
atchments will be grouped
according to the similarity of their
flood regime, not in geographical
regions as previously. Particular
emphasis is also being given 1o
methods that exploit catchment
information in digital form, freeing

the user from routine map-work.*

A common concern is that extreme
floods may arise through a
combination of factors, perhaps
heavy rainfall accompanying
snowmelt, or an infense storm
accurring when groundwater levels
are unusually high in a normally

unresponsive catchment. It can be

difficult to represent these joint

probability aspects within general
procedures for flood frequency
estimation. Following specialised
studies with the University of
Sheffield of a complex joint
probability problem in reservoir
flood safery, TH research has shifted
to flood estimation at river
confluences. If systematic rules can
be devised for choosing tributan)'
flows, while making good use of
historical records, the current
capability of hydrodynamic modeis
— o represent complex river
channel systems — will become

much more relevant o flood design.
Continuous simulation modelling
In due course, more advanced

catchment models or modelling

techniques will again assume

ENGINEERING HYDROLOGY

importance in floods research.
Longer-term research is exploring
the feasibility of basing flood
frequency estimates on the statistical
analysis of model outputs. This
requires the development of
catchment simutation models
capable of operating continuously in
time, coupled to extensive, spatially
consistent, rainfall time-series,
perhaps obtained by stochastic
medelling of rainfall in time and
space,

Integrated flood management

Best-practice flood management
demands attention to both flood
estimation and flood forecasting.
Flood estimates are required to
guide planning — especially of
development on the flood plain —
and, in design, to ensure that flood
waters are evacuated with minimum
damage to life and property. Flood
forecasting and waraing form 2 vital
step in the flood management
process to further alleviate damage.
While the need for flood warning
may arise where planning conserit
has been granted too liberally in the
past, it also arises narurally in
design, where a level of protection
can be afforded above which flood
warning provides the most cost-

effective solution.

Whether flood protection or tlood
warning is the more natural
response to severe flooding is for
social historians 1o consider. Though
somewhat irrational to the analyst,
single events change perceptions
and raise community desires for.
more protection. This applies in the
UK no less than in major basins such
as the Rhine and Mississippi. Until
the next big one, floods research at
IH continues to improve the
methodology in both areas.

*Those wishing fo register an interest in the
new research cait do so by writing to the
Flood Fstimalion Haidbook team al the
Institute.
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HYREX: HYdrological
Radar EXperiment
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This community research
investigation, funded by NERC
under its Special Topic Programme,
aims to advance hydrological
science through gaining a better
understanding of rainfall variability,
as sensed by weather radar, and
how this variability impacts on flow
regimes at the catchment scale. Six
research projects are in hand, based
at the universities of London
(Imperial and University Colleges),
Newcastle, Reading and Salford,
together with IH. ranging from
improved precipitation measurement
using polarisation and vertical
pointing radars, through network
design of radar/raingauge networks
and spatial-temporal moedelling of
rainfall fields, to rainfall forecasting
based on stochastic ancd

meteorological concepts.

An important focus to the project is
a set of shared experimental
facilities centred on the Brue
catchment in Somerset, south-west
England. This comprises a network
of some 50 recording raingauges
over the 132 km?® catchment, with
flows gauged at Lovington and
scanned by three radars: a new
Doppler C-band radar at
Cobbacombe Cross, a conventional
C-band radar at Wardon Hill and an
experimental Doppler dual-
polarisation S-band radar at
Chilbolton, Additional facilities
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Empirical relationship between rainfall sensor accuracy and rainfall magnitude:

Single raingauge (left) and Wardon Hill radar (right)
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include a mobile vertical-pointing
X-band radar, a line network of
rapid response raingauges aligned
from Chilbolton towards the Brue,
automatic weather and soil moisture
stations, a disdrometer, radiosonde
ascents from various locations and
access 1o the Met. Office Research
Flight. Support for this infrastructure
comes from the National Rivers
Authority, the Met. Office, the
Ministry of Agriculture Fisheries and

Food and the water utilities.

Design of radar/raingauge
networks for hydrological use

IH is reviewing the requirements for
rainfall field estimates in the
hydrological sciences to establish
how these can be best met using
networks of radars and raingauges.
The data collected are subject to

statistical analysis and physical

interpretation to understand (1) the

accuracy of different sensors to
measure rainfall and (i) the
sensitivity of catchment flow models

to rainfall uncertainty and variability.

An initial step in the project was the
design of the raingauge network
itself which now comprises 22
gauges at the centre of 2 km radar
arid squares, two SW-NE lines of
four squares each containing two
gauges and two squares having
dense networks of eight gauges in
areas of low and high relief. The
arrangement of the eight-gauge-
within-a-square networks was
chosen so that the mean of their
values would provide the “best”
estimate of the mean rainfall over
the square: this resulted in a
diamond-within-a-square

configuration.

Data archiving and quality control
procedures have been developed
and the resulting HYREX database at
IH is available to the whole HYREX
community through remote FTP

transfer. Quality control procedures




have involved preparing simple
monthly tabulations of rainfall 1otals
for each gauge along with
cumulative hyetographs. These have
served 1o highlight the time of
inception of new gauges, the
malfunctioning of others and the
broad range of rainfall variability
experienced. Monthly rainfall ficlds
have been derived by multiquadric
interpolation and used to identify
gauge malfunction and o expose
the influence of orography on
rainfall amounts over the Brue
catchment. Ratios of gauge to
coincident radar estimates of rainfail
have been calculated and averaged
over a month, using both 2 and

5 km grid square radar data from
Wardon Hill and Cobbacombe. This
huas exposed that both radars are
underestimating rainfall, with

Cobbacombe being worse.

Automatic Weather and Soil Moisturc
Stations have been installed in the
cight-gauge low relief square within
the same fenced compound. DData
from these stations support a waker
balance calculation within the
network design study. The drop size
distributions obtained from an
optical disdrometer deployed nearby
during selected ‘intense obscrving
periods” are used to estimate radar
reflectivity and rain rate, and to
investigate how the relationship
between them depans from the
standard Marshall-Palmer form
normally used for radar rainfall

estimation.

Current work is focusing on issues
concerning rainfall measurement
accuracy using the unique HYREX
dataset. Empirical measures of
accuracy, not based on spatial
correlation functions, are being used
to explore the dependence of
rainfall estimation accuracy on
rainfall magnitude. A simple
approach being pursued is to use
the average of the values from the
eight gauges in a 2 km square as the

“true rainfall”, Departures from this
at each gauge are then used to
compuie the standard error
associated with a single gauge
estimate. Plotting the standard error
against the true rainfall for each 13-
minute wet period yields an
empirical relationship between
gauge accuracy and rainfall
magnitude. This can also be done
for radar data, using the same true
rainfall, and the accuracy
relationship compared (see left).

Storm model radar rainfall

forecasting

Unfortunately, the current
generation of mesoscale models
represent storm dynamics on too
coarse a grid to meet the
hydrologists' needs — 16 km in the
case of the UK Met. Office
Mesoscale Model — with highly
parameterised representations, for
example, of convective cloud
systems. Disaggregation of
mesoscale model rainfall 1o smaller
scales provides one possible way
forward. An interesting aliernative is
1o pursue the physics-based
approach at a smaller scale and a
higher level of process
representation. An extreme
approach would be to employ one
of the number of detailed cloud
models currently being developed to
support studies of precipitation
formation.

One form of simple cloud model,
based on developmenis of
Georgakakos and workers at the
University of lowa, is being pursued
in collaboration with the Joint
Centre for Mesoscale Meteorology,
University of Reading. Clearly, the
use of a simple water balance of the
atmospheric column, with frequent
state updating, in conjunction with
radar inference of its advective
movement, offers an attractive way”
forward for forecasting ihe

development of storm systems. Since
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the model is essentially a simple
dynamic water balance of the lower
atmosphere it has much in common
with the conceptual catchment water
balance models familiar to
hydrologists working in the land
phase of the hydrological cycle.
Using a rainfall model
parameterisation commensurate with
that of a catchment model clearly
has much to commend it for the
purposes of storm and flood
forecasting. Depending on the
resolution of the radar data, the
model is capable of representing
rainfall fields for 1, 2 or 5 km grids
and for time intervals of from 5 10 15
minutes, for example, clearly
meeting the hydrologisi's
requirement for forecasts at this fine

resolution in space and time.

Preliminary results, when applied o
southern England using data from
the Wardon Hill weather radar in
Dorset, show that whilst the model
forecasts the development of frontal
events with some success one hour
ahead, it is less able to forecast the
more rapid growth and decay of

convective storms.

The general approach of using «
simple dynamic rainfall moclel with
frequent assimilation of reai-tinwe
data from weather radar, satellite
and surface weather stations has
considerable appeal. However, some
funther research is still necessary on
both model formulation and use of
the new generation of Doppler
weather radars but the potential
improvements in flood forecasting
and warning of rainfall forecasts
even half-an-hour ahead during
convective storms, at spatial and
temporal scales of 2 km and 15
minutes, makes research progress in

this area particularly worthwhile.

Contactl: Bob Moore
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Modelling global

water scarcity
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Rapid increase in population and in
food production, combined with
urbanisation and industrial
development has led to the prospect
of a ¢risis in both the quantity and
quality of water supplies and the
consequent risk of socio-eéconomic
disruption, especially in less-
developed countries. Natural
variations in climate also-add further
uncertainty to the future availability

and distribution of water resources.

To help define the parts of the
world that are currently suffering the
worst problems of water scarcity and
those areas which are likely to
experience water scarcity in the
future, we are co-operating with the
British Geological Survey with
funding by the Overseas
Development Administration on
improving methods of assessing the
availability of water resources on a
global scale and designing user-
friendly software to display these
results. The basic approach relies on
the use of a 0.5 by 0.3° grid, which
allows the spatial variability in both
the availability of water and the
demands for water to be
represented. In contrast, most
previous studies have examined
country-wide aggregates of
resources and demand, which can
mask significant variations between

different parts of the same country.

The approach that is being
developed includes the following

elements:

B A consistent methodology is
applied in each grid cell, across
all countries and regions.
Several global datasets at this
resolution are now available,
providing some of the input
data needed for the model, and
allowing the possibility of
extension o worldwide

coverage.

B The individual grid cells are
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linked to model the flow
patterns of the natural drainage
basins since the drainage basin
is the logical unit for examining
resources; it also allows
problems of transfers between
countries sharing the same basin

to be considered.

Within each grid cell the surface

Aater resources are assessed
using a rainfall-runoff model.
Both the locally-generated
runoff and that arriving from
upstream are considered.
Seasonal and year-to-year
variability in the surface water
flows are taken into account to
assess the amount of water
which is actually available for
use at different levels of
reliability (see below). The
effects of lakes, reservoirs and
wetlands and of water
consumed and return flows are
included in assessing the surface
water availability.

Groundwater availability in each
grid cell, taking into account
water quality. is also assessed
and added to the surface water
availability to provide an
estimate of the total water

availability for the cell.

Water demands. including those
for human and livestock
consumption, industry and
irrigation, are assessed and
compared to the water
availability for the cell to derive
an index of water abundance or

searcity for each grid cell.

The model allows the
examination of a range of
scenarios of change, including
factors such as population
growth, urhanisation, economic
development and climate
change (o estimate the
magnitude of possible future

water resources problems.




B The results can be presented
using a GIS and user-friendly
software, providing a visual
index of water availability or
scarcity in different regions, and
a flexible range of options for
examining the results in

different ways.

So far, a preliminary methodology
has been developed and tested on a
part of eastern Africa. The results for
surface water only are shown on the
right: the index used compares the
availability of water with the current
demands. Future studies will
concentrate on improving the
modelling, combining the surface
and groundwater assessments into a
single index and extending the
coverage of the model.

Contact: Jeremy Meigh

Hydro-ecological modelling work at
IH focuses on methods and tools ©
assist the ecologically sound
management of rivers. A major part
of this work is the development of
the Physical Habitat Simulation
(PHABSIM) model for UK
application. PHABSIM is a hydro-
ecological computer model designed
to assess impacts caused by
changing flow regimes, or channel
geometry, upon the available habitat

for selected species,

Originally produced by the US Fish
& Wildlife Service, PHABSIM
simulates the relationship between
streamflow and the available

physical habitat (as defined by water

depth and velacity, substrate and
available cover). It contains a
number of hydraulic models which
simulate values of depth and
velocity under selected flow

ENGINEERING HYDROLOGY

Inelex af surface water availability for eastern Aj‘i’it‘c‘l. The index is the ratio of

the available surface water supplies to the demand.

conditions. These models are
calibrated using flow data collected
“on site” at one or more calibration
discharges (see below).
Observations of substrate and cover

are alse recorded and are assumed

Hydro-ecological
modelling: a basis
for river

management

Collecting PHABSIM calibration data on the River Wey study site
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to be independent of discharge.
Once calibrated to a study site, the
model ¢an simulate values of
microhabitat variables over the full
range of discharges within the river

reach in question.

The simulated values of the
microhabitat variables modelled
within PHABSIM are combined with
data which describe the relative
suitability of those variables for the
selected target species life stages.
These data are termed “habitat
suitability indices” and may be
derived from expert opinion,
existing literature or by feld
sampling. For application in the UK,
a range of these indices has been
produced in collaboration with the
Institute of Freshwater Ecology and
by the National Rivers Authority.
The habitat models within PHABSIM
combine these two sets of
information to produce results
showing the available habitat within
the study reach, expressed as
weighted usable area (WUA) against
discharge. An example of this type
of output is given below, showing
changes in WUA with flow for the
adult and spawning life stages of
dace at the Mill Stream study site.

The first applications of PHABSIM in
the UK took place on the rivers
Blithe and Gwash under a

WUA (sq.m/1000m)

0 1 2

Example WUA vs discharge output for the adult and spawning life
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Example flow and habitat duration curves (River Allen downstream study site)

Department of the Environment
commission which began in 1988,
Subsequently, the model has been
the focus of an ongoing National
Rivers Authority R&D project on
ecologically acceptable flows. Under
Phase 1, the model was applied to
ten rivers throughout England and
Wales. These were chosen to
represent a wide range of aquatic
systems and to examine 4 range of
commeon problems, including sites
affected by reservoir compensation

flows and intensively regulated river

systems. Further, NRA-commissioned
operational studies on the rivers

Allen, Piddle, Bray and Barle

demonstrated the maodel's usefulness

in examining UK water resource
issues. Phase II
includes
extrapolation of

— Adult

— Spawning

model results from
the study reach to
longer lengths, or
sectors, of river.
The dissemination
of the knowledge
and skills gained
during this work
has been a high
priority and a
PHARBSIM training
course was held
for NRA stalf.

4 5

stages of dace (Mill Stream study site)
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Other innovative research using
PHABSIM includes joint research
with the Institute -of Freshwater
Ecology on faunal and floral
response to reduced flows and
habitat loss in rivers, a study of how
populations of aquatic species
respond o changes in river flow
regime. This study centred on a

200 m reach of the Mill Sweam at the
IFE River Laboratory, Wareham,
where a programme of intensive
field data collection has taken place
with the installation of an automatic
water level logging system to record
heurly water levels at cach of 15
study transects within the reach.
Research funded by MAFF has
examined habitat improvement/
restoration procedures which are
being applied with increasing

[requency at UK river siles,

Continued refinement to the
PHASBIM software in response (o
the needs of potential UK users has
included some rationalisation to
simplify the modelling procedure
and the incorporation of new
graphics facilities to aid the
interpretation of meodel outputs. A
further advance is the incorporation
of software to allow temporal
analysis of available habitat, This is
achieved by combining the WIUA/

discharge functions, produced using




the PHABSIM habitat models with
river flow data. The flow data used
may be obtained from river gauging
staticns or by using hydrological
models to simulate data with or
without artificial influences. This
combination produces a time series
of available habitat under existing
and simulated flow conditions. An

Is a hosepipe ban the harbinger of a
good summer or a sign of resource
mismanagement? From a global
perspective, water scarcity in the UK
is not a problem. However, with
supply companies no longer in
conventional public ownership, it is
inevitable that consumers are
concerned to receive an appropriate
level of service at all times. So how
does the resource manager argue
and support the contention that the
need o restrict water use has arisen

naturally?

Typically, quantitative assessments
of drought severity are kept simple.
Rainfall is a convenient common
denominator: the phenomenon is
well known to the public, and
rélativcly tong-term records are
usually available. If the on-going
drought is unprecedented in terms
of rainfall, it should be easy to
convince the regulator that
restrictions on water usage are

necessary.

A typical supporting statement is
that the gauge at Great Dryby has
never previously recorded so litle
rain in a four-month period
beginning April, since records hegan
in the year dot. If the historical
comparison is obscure (¢.g. second
smallest 3-month rainfall since
computerised records began),
quoting the drought rarity as a
return period in years may be
slicker. While historical comparisons

and statistical assessments are fine
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example of this is shown left where
the habitat time series have been
converted to “habitat duration
curves”. This facilitates the
interpretation of ecological data
using techniques familiar to water
resource planners.

Contact: Craig Elliott

when applied to a direct measure of Rainfall frequency

resource, such as river flow or

groundwater level, those based on analysis of drought

rainfall totals should not pass severity
unchallenged. At best, they are

misleading.

The underlying weakness is that a
particular water resource system is
not uniquely sensitive to dry spells
of a specific duration, or to droughts
beginning in a given month. Thus it
is incorrect to interpret an
assessment of rainfall rarity made for
a particular combination of duration
and start-month as indicative of the
severity of the warer resource
problem being faced. In practice,
such estimates grossly over-estimate
the drought rarity. Some users
recognizri[his and, by a rule of
thumb, divide the assessed return
period by ten. Clearly a more
scientific approach is required.

There are two features to note.
While some durations and start-
monihs are likely to cause difficulty
more often than others, a given
water resource system will be
sensitive to rainfall droughts of a
range of durations and start-months.
Further, there is considerable
temporal dependence berween
droughts of differing duration and
start-month. For example, an
extreme 18-month drought will
inevitably include an extreme 17-
month drought.

The assessment of drought severity
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from rainfall data is a theme of the
Analysis of Dependent Time-series
(ADEPT) project, funded by NERC.
Initial work is investigating the
dependence found in drought
rainfalls of different duration. The
figure on the right shows the
monthly rainfall series for a long-
term composite record for Chilgrove
in West Sussex, spanning the century
beginning January 1890. Additional
years at the start and end of the
record allow centennial droughts to
be defined for durations up to 48

months, free from end effects.

The red rectangles in the ligure
below depict the ten worst droughts
of each duration, defined as the
smallest non-overlapping
accumulations. The lateral extent of
the rectangle indicates the timing of
the drought. The rectangle height
denotes the historical rank, the most
extreme drought being given most
prominence. For example, the red
rectangles along the top of the
figure indicate that the two worst
48-month droughts occurred in the
mid 1970s and the late 1890s, The
blue rectangles denote the ten
wettest periods of each duration,

referred to here as “wets”.

Monthly total (mm)
5, B

3
deditl

1890

1900 1910 1920

1940 1950 1960 1990

Long-termi monthly rainfall series 1ypical of Chilgrove in West Sussex

Three findings spring from this
relativelv simple display. First, given
the red/blue overlaps. it is
impractical — even with a century
of record — to define as many as
ten droughts (or wets) for durations
greater than 24 months. Thus,
severity assessments inevitably
become more problematic as the

duration of interest increases.

Second, there is strong temporal
dependence in droughts (and wets)
of different durations. While in many
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A schematic representation of the ten worst centennial rainfall droughts and “wers”, West Sussex
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ways an obvious statement, its

implication for wrecking inferences

‘of water resource stress from fixed-

duration assessments of rainfall

severity is poorly appreciated.

Finally, the figure below shows that
some notable dry and wet periods
have beset this part of southern
Britain, For example. it is' seen that
the 1975/76 drought formed part of
a longer dry era beginning in the
early 1970s, and was unusual in its
late intensification, Nor within the
gauged record was there precedent
for a severe drought 1o be promptly
succeeded by a notable wet, as

occurred in 1976,

If due account can be taken of
temporal dependence, the abuse of
rainfall assessments of drought
severity should be arrested. In
seeking (o associate water resource
stress with low rainfall, one should
of course pick the rainfall record
that is most relevant to the water
resource. I the manager insists on
quoting Great Dryby — in
preference to rainfall depths at
Centroidington or Cataversham —

some bias will remain!

Contact: Duncan Reed
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Development of improved London weather radar calibration

methods of snowmelt
forecasting (for NRA). Review
of historical snow data,
enhancement of instrumentation
for study basins in four field
areas and exploration of lumped
and distributed snowmelt model
formulations for use in

operational flood forecasting.

Storms, floods and radar

hydrology (for CEC
Environment Programme).
Investigating the use of weather
raclar for measuring and

forecasting storms and floods.

Design of radarf/raingauge

networks for hydrological use
(NERC special topic). Using a
network of over 50 recording
raingauges in the Brue
catchment, Somerset, along with
three scanning raclars, 10
investigate the accuracy of
different sensors to meusure
rainfall, the natwral variability of
rainfall and the sensitivity of
catchment runoff and models 10
rainfall uncertainty and

variahility.

Short-pericd rainfall and flow

forecasting incorporating
weather radar data (NERC
Special Topic), Collaboration
with Reading University in the
development of a physical-
conceptual rainfafl forecasting
model incorporating weather
radar, weather station and
Meteosat data, in conjunction
with a rainfall-runoft medel for

real-time flood forecasting,

Real-time forecasting of river

flows (for MAFF). Strategic
research on real-time flow
forecasting in England and
Wales, including a review of
research and development

needs in this area.

for the Thames Basin (for NRA
Thames Region). A project 1o
extend the London Weather
Radar Calibration Procedure,
originally developed for London
and the Lee Valley, to the entire
Thames Basin using data from
some 70 raingauges.

River Socar flood warning system

(for NRA Severn-Trent Region).
Investigation into the flood
warning methodology for the
River Soar extending from
hydrometric network design,
through modelling of a river
experiencing flood plain flows
and backwater influences from
navigation and food gate
controls, to flood forecasting

system design issues.

River Flow Forecasting System

(for NRA Northumbria, Yorkshire
and Thames). Continued
maintenance and support of the
RFFES for the rivers of Yorkshire.
Supply of the RFFS Information
Control Algorithm and rainfall-
runoff model algorithms and
configuration to support 30
forecast points in the Thames

Basin.

Rainfall frequency estimation in

the UK A new method of
deriving rainfall growth curves
has been developed in a pilot
study in the East Midlands, The
growth curves can be focused
on any location and applicable
1o a wide range of durations and
return periods. The curves are
used with maps of an index
variable produced by the
technique of kriging to provide
rainfall frequency estimates at

any point.

Allowance for discretization in

hydrological and environmental

risk estimation. The effect of
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dara discretization upon the
estimation of environmental
extremes has been examined,
with emphasis on rainfall time
series. Recommendations have
been published for making the
NECessury correciions 10
estimates of mean period

maxina.

Confluence flood joint probability

Methods are being investigated
which estimate flood
probabilities at the confluence
of two rivers, The dependence
between flooding in each of the
tributaries is to be taken into
account in a simple but

consistent way.,

Flood Estjmation Handbook (for

MAFF, NRA, IDAND. Holdings of
flood peak data are being
updated in co-operation with
gauging authorities. Indices
representing the seasonality of
extreme rainfalls have been
added to those developed
previously for peaks-over-
threshold flood data. The
indices form the input to a
cluster analysis to propose
catchment groupings for
regional flood frequency
analysis.- Rescarch progress is
reported 1o a Flood Estimation
Handbook Advisory Group,
chaired by MAFF, and including
representatives from funding
organisations, consulting
engineers, the Met Office and
academia.

“Assessment/design of habitat

improvement/restoration
procedures for river flood -
defence schemes (for MAFE),
Application of the IFLM to a case
study on the River Wey.

Faunal and floral response to

reduced flows and habitat
loss. Collaboration with 1FE,
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Wareham, examining and
modelling changes in biota of a
river under reduced flow

conditions.

Southern Africa FRIEND A large

hydrological database has been
established in association with
the 11 countries of the SADC.
Low flow and floxxl frequency
research s undertaken, vsing
over 660 daily time series and

GI1S techniques.

European atlas of small-scale

hydropower resources (for EC
ALTENER programme).
Completion of software for
assessment of hydropower
potential at ungauged sites in
Spain, Italy and UK.

European water archive data

centre in St Petersburg The
establishment of a regional data
centre for the European
territories of the former Soviet
Union at the State Hydrological
Institute in St Petersburg.

Tanzania urban sector

strengthening (for Howard
Humphries & Gibb Eastern
Africa) Lud) has centred on the
water supply to Morogoro,
about 200 km inland of Dar-Es-
Salain, and Tanga, on the coast
to the north near the Kenyan
border. Assessment of reliable
vield of an existing reservoir
was required for each town,
with assessment of the potential
yield of nearby river and spring
sources also undertaken for

Morogoro.

Hydrological review of the Kafue

River, Zambia (for Booker Tate
Lid). The primary objective was
to ascertain whether there was
sufficient water downstream of
the ltezhi-itezhi reservoir to

service the Zambian sugar

industry in the future. The
impact of proposed future
irrigation abstraction on energy
production at the Kafue Gorge
hydropower plant downstream
was assessed, with both existing
and possible future operating

rules.

Hydrological and hydraulic

investigations of Hung Shui
channel, Hong Kong
Investigation of causes of two
recert major floods, Nov 1993
and July 1994, plus
recommendations for short and

long term remedial measures.

Sandpool Farm flood study (for

Hill Aggregates Lid) Assessing
the effect of proposed landfill
on floodplain storage in the
Flagham Brook catchment,
upper Thames Basin.

Water resources development

project, The Philippines (for
World Bank) Runoff available
for irrigation and the flood
peaks were assessed for 38
major irrigation schemes
throughout the Philippines, with
a manual and training provided
for local staff.

Extension to World Flood Study

(for ODA) Methods of flood
estimation, using the regional
approach, were derived for 17
countries or larger regions in
the developing world. The
methods are immediately useful
for rapid flood estimates,
especially for sites with no
observed flow data, A user-
friendly software package for
regional flood frequency

anatysis was also produced.
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Digital data, software trials and the communications

era are transforming the scale and pace of this

Institute's research. It is pleasing to report that the first

year of an Information Hydrology Division created to

SJocus and capitalise on IT opportunities for better

research and technology transfer bas been both

effective and barmonious. Already the strength of being

part of a wider Centre for Ecology and Hydrology is

being felt. Thus the Division now provides software

support for ITE’s Countryside Information System whilst
GIS skills are being sbhared with IFE.

Information

Hydrology

The mission of the division is clear-

cut;

B to collate, quality control and
publish time series and spatial
datasets that describe any part
of the hydrological cycle over a-
region;

@ o reveal the coherent structures
within environmental datasets
relevant to the water industry;

B (0 program to commercial
standards the scientific findings
of the Institute as well as
publishing them through every
relevant outlet in printed and
electronic form;

B 1o use metadata cataloguing and
wide area networks 10 collect
and distribute the facts on

which the subject flourishes;

B 0 bring advances in information
technology into the hands of
witer scientists in NERC, the UK

water incdustry and academia.

The articles that follow amply
demonstrate the new digital data
and communications era that is
transforming the scale and pace of
the Institute’s research. In panticular,
the role of Data Centres and Data

Plans is giving a new coherence to
community rescarch programmes —
and this can be expected to lead to
longer term benefits from the
expenditure incurred; the LOIS
activities described overleaf are an
excellent example of linking data
past and present within a powerful

new information system.
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THE RIVERS DATA
CENTRE

A perspective on the
Data Centre
managing the
integration of time
series and spatial
data for the rivers
component of the
Land Ocean
Interaction Study
(LOIS)

Isabella Tindall

Coastal areas provide both a rich
diversity of environments and
habitats and many opportunities for
industrial, commercial and
recreational activities, Inevitably the
increasing exploitation of coastal
zones produces contlicting pressures
which. if not carefully managed, can
result in the degradation of an
especially sensitive environment,
This danger provided the stimulus
for the Land Oceuan Interface Study
(LOIS) which focuses on the links
between the terrestrial and marine
environments (see also page 35). Al
present, understanding of the
processes at work is incomplete and
the purpose of LOIS is to extend our
knowledge of the movement of
fluxes berween the different
components of the environment,
particularly the land, air and ocean
phases. This knowledge will then be
built into predictive models to help
gauge the impact of land use,
climate and other changes on the
coastal areas. The results from the
most appropriate scenarios will then
be available 1o develop a legislative
and regulatory framework to
encourage sustainable management

of our coasts.

Environmental problems increasingly
span many subject areas and often
require an integrated multi-
disciplinary scientific approach.

Correspondingly, LOIS is an inter-

The River Swale upstream of the confluence with the Quse
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Directorate NERC Community
Research project with a £30 million
five-year budget in which many
NERC Institutes and UK Higher
Education Institutions are
participating. Information is vitl 1o
such a study: the effective collation
and manipulation of data from a
wide variety of sources and subject
areas is one of the keys to attaining
the programme’s scientific
objectives. A novel aspect of LOIS is
the creation of five thematic Data
Centres responsible for the
acquisition and distribution of data
from and to the researchers. The
Rivers Data Centre is located at IH
and is using its Water Information
System (WIS) to integrate, manage
and analyse highly diverse datasets
of both spatial and time series origin

within a single unified 4-D database.

Within the broad objective of
predicting the likely impact upon,
and response of. the UK coastal
zone to natural and man-made
environmental changes in the next
50-100 years, four major themes for
LOIS are evident:

B To characterise and measure the
fluxes of materials and energy
into the coastal zone from the
rivers, atmosphere and ocean.

B To identify and quantify the
processes that govern such
fluxes to and from the coastal
zone.

B To provide a long term
perspective of flux variability
across a range of time scales —
the last 200 years to the
Holocene period as a whole.

B To develop integrated land-
ocean models of environmental

change in the coastal zone.

The principal study area extends
from Berwick-on-Tweed in the north
to Great Yarmouth in the south. It
embraces a rich diversity of land use
and river types, from the fast

flowing streams draining the
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northern Pennines. through the
industrial rivers of south
Yorkshire, to the sluggish and
nutrient-rich lowland rivers of

Easr Anglia.

LOIS consists of five integrated
component studies: the River.
Atmosphere, Coastal Study
(RACS), the Shell Edge Study
(SES), the North Sea Modelling
Study (NORMS), the Land Ocean
Evolution Perspective Stucly
(LOEPS), and the DATA
component. The latter is a
recognition of the pivotal role
played by data management in

the LOIS programme.

Each of the five Data Centres has
responsibility for specific data

categories and the duty to:

B Acquire major datasets from
within and without NERC
and make them available to
the LOIS community;

B Provide data management
services for LOIS data
including quality control and
archiving:

B Provide long term security
for all the LOIS data.

The IH Rivers Data Centre

The Rivers Data Centre is

responsible for all catchment-based

data — both time series and spatial

— of which the main suppliers are
the National Rivers Authority (NRA)
and the LOIS York Laboratory. The
NRA collect, analyse and manage
time series data for the great
majority of the river catchments and
have agreed to supply those datasets
of particular interest to the LOIS
project. These include: river water
quality data, river water quantity
data, consent 1o discharge data,
abstraction licence data and
biological data. Spatial datasets
being used by LOIS researchers
include: the IH digital river network
(at 1:30000 scale), the TH 1 km
Digital Terrain Model (IHDTM),
Flood Studies Report maps, the
Institute of Terrestrial Ecology’s 25 m
Land Cover data, the Hydrology of
Soil Types (HOST) 1 km grid,
Bartholomew’s urban and road/rail
network data and the Ministry of
Agriculture Fisheries and Food's
Small Area Agricultural Statistics
data.

Increasing awareness of the
commercial value of data has
created 2 new and unwelcome task
for the Data Centres, that of
negotiating terms and conditions for
the use of externally supplied dara.
The requirement to protect

copyright and create income
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undoubtedly slows the uptake of

information contained in datasets.

To create the required integration of
time series and spatial observations
within a single database, the Data
Centre is faced with a challenging
task of matching data types from
different sources. There has been no
standard encoding system for similar
data types within the different
regions of the NRA, or between
water quality data from freshwater
and marine sources. Consequently,
estuarine modellers requiring, say
heavy metal data, from both the
Rivers and Marine Data Centres negd
1o be assured that they are
comparing data of similar analytical
origin or quality. Therefore, one of
the Rivers Data Centre's first tasks
was to harmonise the data from the
individual NRA regions with existing
chemical determinand dictionaries:
such reference compilations play an
indispensable role in establishing
standardised data transfer and
exchange procedures. Once the data
were harmonised in a dictionary,
cross-reference tables were designed
that translated the data from the
codes in which they were supplied
to those in which they are now
stored in the database, With the
publication of the LOIS chemical
determinand dictionary scheduled
for the autumn of 1995, the next
major task of harmonising data from
freshwater and marine sources

should be much easier.

The Rivers Data Centre is using WIS,
the Environmental Information
System designed and developed at
the Institute over the past five years
in collaboration with ICL. WIS stores
and manages all the catchment
associated data required by the
modellers working on the RACS
Rivers component of LOIS, WIS has
a geographical user interface and
allows the user to record the history
of any object, or feature, as it moves

through space and time. Events

15
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A flood risk map for
England and Wales

occurring at features can be
described in terms of attributes
which may be spatial or time series
in nature, Uniguely, WIS does not
distinguish between spatial and time
series attribures, but stores them in a
single unified database which allows
the user to link and analyse spatial

and time series datasets.

WIS has been installed on new
hardware with over 10 Gh of file
storage space and 10 Gb of database
space. The LOIS data volumes are
expected 1o rise from an initial

10 Gb to approaching 20 Gb as more
data are both derived by the project
and become available from other
sources. Within the last year the
Data Centre has been husy
confirming and updating its
Determinand Dictionaries and
translation tables for the loading of
time sertes data and many software
programs have had to be written to
convert externally supplied data.
The Yorkshire water quality data for
several thousand river monitoring
sites have been processed and the
attribute daa for over 300

Flood warning procedures and
alleviation measures have mitigated
the threat of flooding in many UK
catchments. However, floodplains
continue 10 offer attractive
development opportunities

and expose a substantial proportion
of the population, and much
commercial activity, to the risk of
inundation. Damage in excess of
£100 million resulting from the mid-
Strathclyde flooding in December
1994 provided a sharp reminder of
the need for more effective
catchment management, planning
controls and insurance
arrangemenis. Direct experience of
extreme flood events is necessarily
rare but the joint exploitation of

major spatial datasets and newly
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determinand types have been
loaded into the WIS database.
Bringing together the water cuality
data and corresponding river flows
stored on the National Water Archive
allows the complex interactions
between flow and determinand
concentrations to be examined and
mass flows into the North Sea 1o be
computed. The next data types 10 be
processed will be the Yorkshire
consent-to-discharge data and the
Severn-Trent NRA water qualiry
data.

To support the major LOIS cbjective
of developing integrated simulation
models that will allow better
predictions over time, the Data
Centres are currently integrating
and harmonising the datasets under
their aegis. The next challenge is to
standardise the datasets across the
different component Data Centres.
This represents a substantial task bue
the aim, by the end of the LOIS
project in 1998, is to create a truly
integrated daraset which should be
available on CD-ROM for public use

and further scientific investigation,

developed modelling techniques
now allow the likely impact of
exceptional flooding t© be explored

at the national scale.

The Institute was commissioned by
MAFF to estimate the total area of
England and Wales that, in the
absence of any flood defences,
would be inundated by fluvial floods
of the 100-year return period level,
The project also involves identitying
the built-up area that would be at
risk. There has been no previous
nationwide estimate of these

quantities at this level of detail.

Progress in evaluating the spatial
extent of severe flooding has been

made possible by several recent



developments at TH. namely:

B the completion, for England and
Wales, of the Institute of
Hydrology Digital Terrain Model
(ITHDTM);

B the development of methods of
estimating flood depths directly

from catchment characteristics;

B the completion, for England and
Wales, of the 1H digital river
centre-line network based on
Ordnance Survey 1:50,000 maps:

B the establishment of digital
spatial datasets that allow
catchment characteristics to be
computed automatically to any

point on the river network;

B the production of a national
digital dataset of built-up areas
(based on the Institute of
Terrestrial Ecology's Land Cover
Map of Great Britain and OS
1:250,000 digital settlement
data); and

B the development of techniques
and software for exploiting and
displaying digital spatial data.

The analysis has been conducted on
a 50 m square grid, which is the
horizontal resolution of IHDTM. Also
represented on the grid is the
1:50,000 river network, and the 100-
vear flood depth has been computed
for every point where the catchment
area exceeds 10 km®, Equations
relate mean annual maximum water
depth to catchment characteristics
(area, rainfall and soil) and growth
curves which enable depths of
return periods of up to 200 vears to

be broadly assessed.

Estimates of the depth of the 100-
vear flood at the river bank have
heen obtained by taking the
difference between the river depths
of the 100-year event and the mean

INFORMATION HYDROLOGY

Flood havoe aon a new estate at
Kirkintolloch, mid-Strathelyde
{top) in December 1994 and on
the River Ure (right) in 1991

annual maximum (assuming that,
typically, the latter represents a
depth just greater than bankfull), As
local channel conditions are not
taken into account there is a
significant degree of uncertainty
associated with the results at any
particular Jocation; however, it is
believed that this approach provides
a valid way of quantifving relative
risk at the regional and national

level.

The areal extent of inundation has
been determined by taking each
flooded river point in turn and using
the THDTM to identify contiguous
areas of higher land that are lower
than or equal to the elevation of the
flood surface, This approach
obviates the need to model the flow
of water down the [loodplain and,
as it is not catchment-based, allows
a flood from the major river in-a
valley to spread across any minor
tributaries or braids.

The resulting maps of flood extent
have been compared with existing
maps of flood risk (mostly Section
24(5) maps produced by the former
Water Authorities) at over 30
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A portion of oneé of the flood risk maps from the draft report

Is the past still the Hydrometric data are the foundation
upon which hydrological science
key to the future ? and water management are built. A

detailed understanding of the
variability of rainfall, runoff and
aquifer recharge rates is a
prerequisite for effective planning
strategies and operational
procedures to combat the effects of
too little or too much rainfall.
Fortunately in this context, most
lengthy hydrometric series for the
United Kingdom — while displaying
notable perturbations — are
characterised by little or no overall
trend. However, the remarkable
climatic conditions experienced over
the last decade have raised
important questions regarding the
representativeness and resilience of
index hydrological statistics, the
bulls of which are based on data

collected over the last 30 years.

The possibility that hitherto rare
climatic conditions may recur more
frequently in the future underlines
the importance of documenting and
examining the range ol impacts
associated with the recent
remarkable weather patterns. This

need provided a primary justification
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locations throughout England and
Wales and a good correspondence

has been recorded in many cases.

Initial results — which exclude the
areas covered by the Anglian and
former Yorkshire regions of the
National Rivers Authority — have
been derived using a provisional
version of the built-up areas dataset.
These suggest that 4200 km* of land
would be at risk, of which 460 kim?
is built-up. Improvements o the
built-up areas dataset are expected
to lead 1o a small reduction in the
latter figure.

Contacts: David Morris or

Robert Flavin

for the establishment of a joint
Institute of Hydrology/British
Geological Survey national
hydrological monitoring programme
on behall of the Dt‘parﬁnén[ of the
Environment and the National Rivers
Authority. It was instigated early in
1989 as substantial rainfall
deficiencies extended across much
of the UK. Tthe drought proved to
be exceptionally protracted and
widespread, triggering fundamental
reviews of water resource
management in many parts of

Europe.

By the summer of 1992 the water
resources outlook for most of the
UK was very fragile. Thereafter. a
sequence of vigorous Atlantic frontal
systems. heralded a transformation in
hvdrological conditions that is
without modern parallel. For
England and Wales the driest 28-
month sequence since the 1850s was
succeeded by the second wettest 32-
month sequence this century. The
latter culminated in the
exceptionally damaging floodplain
inundation that afflicted western and
northern Europe in the late-winter of

1994,/95. Whilst superficially less




evident. the mransformation was
particularly dramatic in groundwater
terims: in mid-1992 overall
groundwarter resources were
estimated 1o be at their lowest this
century but the subsequent steep
water-table recoveries produced
winter peaks in 1994 and 1995 that

were close to all-time maxima.

Notably high annual precipitation
totals have been a feature of western
and Highland Scotland for more
than a decade. Six of the wettest
winter half-years in the 135-year
Scottish rainfall series have occurred
since 1983, contributing to a marked
exaggeration in the normal north-
west 1o south-east rainfall gradient
across the UK. This is exemplified
by the relation between rainfall for
Fort William and Kew (London): the
running average of the ratio of
annual totals now exceeds the
historical mean by a considerable
margin (see below). The exceptional

accumulated precipitation totals for

Scotland over recent years have
been associated with a cluster of
major flood events which. for rivers
draining the Highlands especially,
have increased the expected
frequency of damaging floods and
prompted the introduction of
restrictions en further floodplain

development in some areas.

In hydrological terms, the effect of
the recent unusual rainfall patterns
has been heavily influenced by
evaporation rates that have been
equally exceptional. The recent
tendency for climate zones to
migrate northwards is reflected in
the Central England Temperature
Series which begins in 1639; the
post-1987 average is appreciably
higher than any other seven-year
sequence and has contributed to
potential evaporation rates typically
15% above average. The associated
increase in soil moisture deficits has
mitigated the risk of flooding over

the summer half-year but narrowed
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1988-95 groundwater level hydrograph for the Holt

the window of opportunity for
winter recharge, especially to

lowland aquifers.

Given the inherent variability of the
UK climate, any apparent short term
trends need to be treated with
caution. The relatively short length
ol most river flow series — for the
UK the average is below 25 years —
provides an inadequate context in
which to appraise the recent runoff
patterns and can exaggerate the
significance of the recent volatility,
By capitalising on the limited
number of lengthy hydrometric
series available, a fuller historical
perspective may be obtained.
Unfortunately, relatively few long
flow records are formally archived
and considerable curatorial skills and
hvdrometric expertise are necessary
Lo locate appropriate historical
datasets and prepare them for

general exploitation.

The utility of long hydrometric
records can be greatly increased by
the application of quality assurance
procedures. The relevance of such
techniques has been well
demonstrated in a recent study of
flow data for the Thames, one of the
most intensively studied
hydrological datasets in the world.
Substantial changes in land use, river
engineering. land drainage and
floodplain management imply that
significant régime changes would be
expected over the last 150 years.
Application of the THACRES rainfall-
runofl methodology to the 1883-
1951 monthly flow record for
Teddington Weir clearly indicates
that such changes are insufficient to
mask a systematic underestimation
of the historical low flows. It
appears that the conventional
corrections applied to account for
weir leakage and lockage losses are

quite inadequate, especially around
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Entering the Internet
and CD-ROM design

era
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The ability to marshall and
manipulate information is an
essential prerequisite of almost all
scientific investigations and an
indispensable stage in the decision-
making process: [H is looking to
exploit advances in information
technology to ensure that analysts,
be they researchers, managers or
policy makers, have ready access to
relevant datasets and the means.to
capitalise on them. To service the
needs of a rapidly expanding user-
community, and to help realise the
potential henefits of electronic
publishing, software distribution and
data dissemination, [H has recently
taken delivery of a CD-ROM writer
and initiated information provision
across the World Wide Web (\WWW).

CD-ROM publication: the pebbles
have started to roll!

Using current technology, a CD-
ROM has the capacity Lo store,
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the turn of the century. Once «
realistic adjustment is made to
compensate for the early
underestimation of flows, the
relative severity of modern droughts
increases markedly: the 1976 low
flows have no close parallel and
accumulated runofl over the 1988-92
period becomes comparable with

the lowest on record.

Contact: Terry Marsh

cheaply and reliably, approximately
660 MBytes of uncompressed data —
sufficient to store the entire UK
National River Flow Archive.
Technological improvement is
expected to produce an order of
magnitude increase in storage
capacity. CD-ROMs represent a greal
step forward in computer-based data
delivery, as it is now easy to
distribute enormous datasets, at
modest cost, without the need for
large numbers of floppy disks, or for
large amounts of hard disk space 1o
be permanently allocated to a
particular data set. One key
advantage of CD-ROM, apart [rom
its large capacity and durability, is
that data can be held off-line, and
brought on-line straightforwardly

when access is required.

Over the last few vears the cost of

‘ownership of a CD-ROM drive has

fallen dramatically and usage is

rapidly extending through the




scientific. business and academic
communities; domestic usage is also
burgeoning. The cost of manufacture
of the CD-ROM media itself has
fallen at the same time, and it is
possible to produce a CD-ROM with
relative ease: the hardware required
now costs less than £3000.
Following the trial development of a
CD-ROM lavout, featuring a
previous Annual Repost, the Institute
plans to make early use of CD-ROM
technology to disseminate its science
and data. Initially information

delivery will focus on three areas:

B The distribution of large
datasets, such as those available
in the National Water Archive. It

is envisaged that the basic data

The World Wide Web is a facility that
allows text, piciures and data to be
accessed more easily across the
global computer network, Internet. It
seems destined to be a powerful
dissemination tool whereby software
allows usérs to search the network
for information of interest. The
World Wide Web's information base
is expanding rapidly, can be
updated immediately and is
accessible to a world-wide audience.
Information available can now be
accessed using the address opposite.
The ability to update material almost
instantaneously allows TH software
users to be kept informed about
system enhancements and new
developments; the WWW also
enables potential users to acquaint
themselves with facilities on offer.

We have recently extended the use
of WWAW facilities for the whole of
the Institute, with information on

research initiatives, publications and

would be supported by
reference and descriptive
material to increase its utility and
guide the interpretation of
analyses; work is well advanced
on developing an on-line
gauging station register,
incorporating network maps o

facilitate station selection.

B The publication of reports,
papers and packages, a number
of which could usefully exploit
the exciting opportunities that
exist for a ‘multimedia’ approach
using sound and pictures to
maximise the impact of the
material. From the perspective
of the target audience, the

contrast with traditional

also the provision of selected
datasets across the Internet. Details
of the services available through the
National Water Archive and summary
material relating to the monthly
national hydrological monitoring
programme are already accessible.
We are also researching hydrological
WWW addresses and developing an
on-line index allowing rapid access

to hydrological information,

Contact: Robert Flavin or
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publications will also be
emphasised by the ability to
rapidly search documents and
the direct computer aceessibility

of accompanying data sets.

B The distribution of software.

Although most TH software
products only occupy a few
floppy disks, the possibility of
encrypting them and placing
them all on a single CD-ROM is
under investigation. This would
result in greater convenience
for both our internal software
development and for the
customer, who could purchase
a special code to unlock a
specific product on the CD.

Contact: Kevin Black

Exploring the World
Wide Web

The IH home page can be accessed
using the Universal Resource Locator
(URL) :
http://www.nwlac.uk ih

The Hydrology Software section’s
email address is:
softdev@ioh.ac.uk

Tnstitute

S i i b oblaned by sk st
Nmscape urees please road tis. (Upditnd 24 Augass 1735)
R P S b N i

of Hydrology

The IH Home page, World Wide Web
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The Library service

1AHS Press

22

The Institute’s Library is home to a
comprehensive collection of books,
reports and journals in the hydro-
sciences. It is also the focus for a
variety of information services
including retrospective bibliographic
retrieval from on-tine and CD-ROM
sources. Updating and extending the
information heoldings is a continuing
task and panicular efforts are made
to ensure there is good coverage of

world hydrological literature,

The library's collection of CI>-ROMs
is increasing steadily and is proving
2 popular information source.
Library users now have access to a
range of hibliographic hydroscience
databases from around the world.
Recent zequisitions include: Delft
Hydro (Netherlands), Aquarefl
(Canada), and Waterlit (South
Africa). Selective dissemination of
information is provided via ISl
Current Contents on Diskette and
the number of staff wishing to
update themselves on recent
scientific developments in particular
fields has shown a healthy increase
over the last year. As contact point
for the BIDS 181 service the Library
has also seen a brisk growth in new
registrations of staff wishing to

interrogate on-line Citation Indexes,

The Library is responsible for the
sale and distribution of the majority

IAHS Press, the publishing house of
the International Association of
Hydrological Sciences, has been
based at [H for over 20 years.
Hydrological Sciences fournal, the
bimoenthly scientific journal of 1AHS,
and the “Redbook” Series of
Proceedings and Reports are the
dominant publications. The output
peaks in “odd” years when either a
IAHS Scientific Assembly or a
General Assembly of the

International Union of Geodesy and
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of the Institute’s publications. Overall
sales are approaching three times
those of five years ago and questions
concerning the range and contents
of IH publications form a significunt
propostion of the external querics
handled each year. A third member
of staff has proved extremely
valuable, directly improving the
service 1o Library users. Literature
searches were at record levels in
1994 und a retrospective conversion
of the old card-based catalogue
records into the Library holdings

database THLIB is well advanced.

External requests 1o use the Library
facilities — over 150 in 1994/95 —
continue to rise. The strain this
places on cramped study facilities,
together with the limited amount of
stock that can currently be held on
the available shelf space, underlines
the priority need for larger premises,
More accommodation, especially
reception and reading areas, is
essential to maintain a responsive
service 1o a broadening community
of users and it is heanening that
NERC's Business Plan allows for the
necessary new building works
beginning in FY 1996/97,

Contact: Sue Wharton

Geophysics (IUGG), the parent body
of [AHS, is held as the proceedings
of up to six symposia held at such
Assemblies are pre-published in the
Redbook series. All the papers in
IAHS Redbooks are reviewed, edited
and presented in a consistent format
and the hooks themselves sold

internationally.

The Redbooks prepared in 1994
provide un excellent example of a

well balanced publishing



programme for an inter-Assembly
year. Two large pre-published
proceedings and four post-published
proceedings were produced:

Future Groundwater Resources at
Risk (pre-published for the Helsinki
FGR 94 Conference held in June);
Variability in Stream Erosion and
Seeliment Transport (pre-published
for the Symposium held at Canberra
in December);

Hydrological, Chenticed and
Biological Processes of
Transformation and Transport of
Contaminants in Aguetic
Environments (post-published for
the HYDROCHEMISTRY 1993
Symposium held at Rostov-on-Don);
Groundwater Quality Manegement
(post-published for the GQM 93

Conference held at Tallinn), FRIEND:

"scientific research is only as good
as the dissemination of the results.”
Se said Christopher Patten when he
was Minister for Overseas
Development and it is a sentiment
taken very seriously by the Institute.
During the year we have continued
to ensure the effectiveness of
technology transter between
research scientists and our user
community, always bearing in mind
each particular audience and their
special needs. Several lengthy
research reports, technical brochures
and specialist leaflets have been
produced as well as continuing
production of high-calibre audio
visual aids for scientists presenting

material 1o intérnational audiences.

Conferences, symposia and seminars
are the traditional fora for the
exchange of knowledge within the
scientific community and we were
pleased 1o organise a highly
successful international meeting in

the Lake District during October

Flow Regimes from International
Experimental and Network Deala
(post-published for the FRIEND
Conference held at Braunschweig)

and:

Snow and lce Covers: Interactions

with the Atmaosphere and Ecosysteims
(post-published proceedings of two
symposia held at Yokohama).

The major event for IAHS in 1995
was the XXI General Assembly of
TUGG held at Boulder, Colorado, in
July. Under the umbrella of a
‘Geophysics and the Environment’
theme a very wide range of
symposia were scheduled including

six organised by IAHS, all pre-

published in the Redbook series. .

An encouraging development over
the recent past has been an increase

1994 on Ecosystens Manipulation
Experiments on behall of the
Commission of the European
Communities and with financial
assistance from Environment
Canada, Both the oral papers and
the poster presentations were
subsequently edited at Wallingford
for publication in the CEC series as
Ecosystems Research Report No. 20.
This followed rapidly on the heels of
an international conference on
Integrated River Basin Development,
organised jointly with HR
Wallingford and co-spansored by
ODA. Papers presented at this
September meeting were published
by John Wiley & Sons Ltd

(ISBN: 0-471-95361-X).

Links with post-graduate courses
have continued, with visits from
several UK MSc courses and
overseas including students from the
universities of Freiburg and
Wageningen.

INFORMATION HYDROLOGY

in the number of papers featured in
the Hydrological Sciences Journal
and a steady reduction in the time
lag between receipt of the papers
and their acceptance and final
publication. The Journal is the oldest
and most international of all the
hydrology journals. In addition to
providing a forum for original
papers and significant developments
in hydrology, it includes
announcements on IAHS-organised
or sponsored meetings, book
reviews and a diary on worldwide
hydrology-related events.

Contact: Penny Kisby

Information services

Amazanin
Yo prraas i
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1994/95 Highlights

Support for professional hydrologists
is provided through the Institute’s
links with the British Hydrological
Society, with the editing and
production of the society’s quarterly
newsletier and Occasional Papers

series.

We have a good rapport with both
local press, radio and television

outlets and also the science

Partitioning of water resources is
a key component of the Middle
East peace process. The facilities
of the National Water Archive
have been used to help
resurrect the Lebanese River
Flow Archive and allow a very
valuable information resource to
he fully exploited.

Licensing of IH spatial data
holdings continues o grow. A
new user of the data is the
Countryside Council for Wales
who lease the 1:50000 digital
rivers. This set, the IHDTM and
the Flood Studies Report
datasets can be supplied in most
popular formats and on most
magnetic media,

HYDATA has been established in
each of the ten southern African
countries participating in the
FRIEND project. This has
involved provision of HYDATA,
training in its installation and
use, and assistance in loading

national datasets.

SWIPS, a database and analysis
package for storing soil
moisture data from a variety of

instruments, is now available,

The feasibility of mapping
floedplain boundaries has
been studied in conjunction
with 1 major insurance broker.

Further to this, work with the
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correspondents of the national
papers, to the exwent that every time
the weather displays unseasonable
traits, we field a large number of
calls seeking professional comment,
greatly in demand because of our
expert position and our impartial
viewpoint.

Contact: Celia Kirby

British Geological survey has
involved preliminary investi-
gations into a digial terrain
model suitable for the hydraulic
modelling of the flood plain.

Transfer of time-series chemistry
can be problematical. A generic
system for this has been
designed and implemented. This
system takes simple spreadsheet
files used in laboratories and
adds to them the extra
necessary information for their

easy exchange,

Sussex Ouse resource
optimisation Ardingly
regulating reservoir operates
under complex licence
conditions for refilling, local
direct supply and maintenance
of tidal limit abstractions.
Sensitivity 10 those rules
through historic and synihetic
droughts was examined.

The acquisition, appraisal and
archiving of a number of
hitherto negtected lengthy river
flow records has.provided the
research community with an
important perspective on long-
term runoff variability. A
monthly serivs for the Wendover
springs — the longest extant
record in the UK — provides a
unique insight into hydrological
conditions throughout most of
the C19th.



WHAT ARE
HYDROLOGICAL
PROCESSES ?

Jim Wallace

HYDROLOGICAL PROCESSES

It is something of a paradox that whereas most people

would claim some knowledge and concern about modern

day environmental issues, they would not normally cite

bydrologists as key players in the seavch for solutions.

Hydrologists are seen as people who deal with water

supply and manage reservoirs. This is but one aspect

of the many facets of bydrology. Process hydrologists,

concerned with the exchange of water throughout the

complete bydrological cycle and the pbysical and

biological factors which control these exchanges play

a major part in NERC's advance of bydrological sciences.

Hydrological

Processes

It is not the vast quantities of water
which are held in the oceans and on
the land which are significant, since
it is almost always either saline or
inaccessible. Rather, it is the changes
in these quantities brought about by
the fluxes of precipitation,
evaporation and runoff between

these vast reservoirs which matter.

Water vapour

In atmosphere.
13,000 km*

Precipitation
over land over sea
110,000 km’ 390,000 km’
5. Evaporation
Snow and’ice fromland  from sea

29 million km’

70,000 km" 430,000 km®

Lakes and rivers
200,000 km’

INSTITU

These fluxes are orders of
magnitude smaller than the total
storage, but fundamentally sustain
all life forms on earth. Process
hydrology is concerned therefore
with the study of the land surface
factors which affect rates of
precipitation, evaporation and runoff
Our ability to accurately describe
these rates over realistically complex
and heterogeneous terrain is still
extremely limited and is one major

drives in IH research.

Human perception of environmental
problems tends to change like
fashion. Currently, great interest is
focused on climate change, yet it is
not long since we were encouraged
to worry about global winters and
new ice ages. Acid rain was
perceived as the scourge of Europe
a decade ago and despite heroic
efforts to reduce 8O, emissions from
coal burning power stations. this
environmental problem has not
been ‘solved, it simply became less
fashionable and attention moved on

to the next (more fashionable)
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problem. It is arguably possible 1o
make defensible links between
hydrological processes and almost
any current environmental issue —
our climate is after all much more
dependant on the water vapour in
our aunosphere than any of the
other "greenhouse’ gases.

Fundamentally, since water is the
life blood of the entire earth
system, we need to know about the
exchange between the vast
reservoirs stored in the land and sen
if we are to cope with most current
environmental problems,
understand the past and anticipate
the future.

Whereas fashions come and go,
there is an underlying constancy to
the approach required to sustiin
the development of hydrotogical
process science so that the
techniques and information are
available for application to the next
environmenial problem. Most
progress has been made by the
combination of experimentation —
making measurements of rates of
precipitation, evaporation or runoff
— with developing models which
can adequately explain these

observations.

This basic principle defines the type
of approach and skills required 10
sustain the development of this
science. Instruments continue to be
needed to allow the necessary
measurements 1o be made. For
example, the neutron probe,
developed to allow reliable and
routine measurements of the water
content of soils, has generated the
data which have increased our
understanding of the water use of
crops and trees in a wide range of
environments and led to practical
models of their water requirements
and growth.

Devices to measure evaporition

such as lysimeters and

micrometeorological instruments,
have provided the information on
which current understanding of the
important roles that soil physical and
plant physiological processes play in
controlling the rate at which water
vapour is ransferred 1o the
atmosphere. Modern formulae for
calculating evaporation are, and
continue ta be, based on these
observations and the insight gained
from them. Since over the entire
land surface of the globe around
two thirds of rainfall is returned to
the atmosphere 1s evaporation, it is
not surprising that great emphasis
continues 10 be placed on its

measurement and modelling.

Having the instruments atone is not
sufficient. It is also necessary to be
able to deploy and maintain these
instruments in many field
environments. The skill and
experience to do this is far from
trivial and as the complexity,
harshness and remoteness of the
environments \\’hCI'C dﬂ[ll are now
required become more acute,
experimental skills need to be even
more highly developed. Training of
hydrological scientists in practical
field research is therefore a
fundamental and constant
requirement in this area of

hydrological ‘science,

Once good, reliable observations
have been sustained, hypotheses
concerning the processes which
control rates of exchange can be
tested and ‘models’ of the system
developed. Strictly speaking, a
hypothesis or model can never be
proved or ‘validated’. Properly
trained scientists seek observations
which their current model cannot
explaiit They then refine their
madel to account for these new
obsenvations and proceed to obtain
further data which the revised model

will no longer explain.

The final essentinl skill required o
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advance hydrological process
science is the ahility to model
exchange processes. This requires o
sound understnding of the
underlying physics and physiology
and the mathematical skills to
describe these processes in
appropriate models.

Observational techniques, the skill
10 use these in the field and the
ability to synthesise the results in
models of the system under study —
these are the fundamental elements
which have sustained the
development of hydrological process
science thus far and are the basic
skills which will sustain the
contribution of this area of science
in the future. They are invariant with

fashions in environmental issues,



Forecasting future climate is a major
challenge facing environmental
science. Climate responds to a range
of interacting controls with a
multitude of feedback mechanisms
between the land surface and the
atmosphere. Emerging understanding
of these feedbacks. together with the
very large scale nature of
atmospheric processes, make
experiments with Global Circulation
Models (GCMs) the only feasible
method of predicting future elimate.
GCM predictions are sensitive to
representation of the land surface
characteristics and., to provide
accurate forecasts, require realistic
parameterizations of the processes
controlling the energy and water
balance of the land surface. Here at
I[H we concentrate on
complementary field measurements
to derive these surface properties,
while at the same time developing
models and modelling techniques to
use these data at a range of scales up

to that of the GCM grid squares,

Climate change may occur through
changes in the composition of the
atmosphere or as a result of
widespread changes in the land
surface energy balance — such as
those which result from large-scale
vegetation change. Deforestation and
desertification are two examples of
changes in land use studied at TH
which ‘occur over a large enough

area to produce changes in climate.

Estimating the effects of Amazonian
deforestation has been one of the
most active areas of application for
GCMs, but the accuracy and the
credibility of these predictions has
been limited by the lack of data
needed to establish the land surface
properties of the pasture which
generally replaces the forest. In
ABRACOS (Anglo-BRazilian
Amazonian Climate Observational
Study) [H has collaborated with
several Brazilian institutions (o

provided understanding of three

pasture and forest sites across
Amazonia. Some of this knowledge
has already been applied to the
Hadley Centre GCM giving
improved estimates of the effects of
deforestation. It is now predicted
that deforestation would result in
substantial changes in rainfall in the
Amazonian basin, with the greatest
change oceurring around the mouth
of the Amazon, outside the
deforested wrea but where many

people live and grow crops.

The Sahel is another area which is
expected 1o be particulaily
susceptible 10 any change in global
climate. IH played a central role in
the FIAPEX-Sahel (Hydrological and
Atmospheric Pilot EXeriment in the
Sahel), an international experiment
designed to improve understanding
of the links between land
degradation and climate change in

semi-arid areas,

Measurements of evaporation from
three intensively monitored “super-
sites” have allowed the variation in
evaporation resulting from
differences in vegetation to be
separated from these controlled by
the distribution of rainfall and its
effect on soil moisture. Differences
in soil moisture have been shown 1o
produce large short term variability

in evaporation, but longer term

differences in evaporation were the

HYDROLOGICAL PROCESSES

Global change and
forecasting

Measurements of evaporation being made in a cattle ranch in Amazonia
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Hydrological
processes in complex
vegetation

result of different vegetation types
reflecting and emitting different
amounts of radiative energy, A range
of meteorological models are being
used to investigate the aggregation
of fluxes from the scale of the field
measurements up to the GCM grid

square scale.

It has long been recognised that the
key to predicting the water use of
vegetation is to model the behaviour
of the stomata, the small apertures
in plant leaves which control
simultaneously their rate of water
vapour loss and the rate of carbon
dioxide uptake for photosynthesis.

Until recently evaporation was

Large expanses of heterogeneous
vegetative cover — particularly
rainforest and savannah — have
important roles in hydrological
processes by virtue of the influence
of their surface fluxes on the
atmosphere and water balance. Loss
of water from plant surfaces through
stomata, i.e. transpiration, is an
important process in partitioning
available energy. Our ability to
forecast responses of such
vegetation to any kind of

disturbance is often limited by lack
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maodelled in terms of empirical
functions of the controls on stomatal
behaviour by atmospheric and soil
variables, but increasingly it is being
realised that carbon dioxide and
water vapour fluxes cannot be
treated as separate processes and
that new models are needed which
acknowledge the interdependence

of these fluxes.

Work in collaboration with the
Hadley Ceritre for Climate Prediction
and Research has therefore been

initiated to develop, test and

calibrate combined carbon and
water flux models, working towards
the goal of a GCM which contains
interactive vegetation, responding to
changing levels of ambient carbon

dioxide.

Recently, instrument technology has
developed to the point where
simultaneous measurements of water
vapoui and carbon dioxide flux can
be made in the field on a routine
basis, and current and future
measurement programmes include
the use of these devices to allow
the further development and
calibration of combined carbon/

water flux models.

Contact: John Gash

of information and understanding
about the different contributions to
the total system function by
individual components or groups
within it, and most importantly
how they each might respond to

such change,

The stability of ecosystems and

their tolerance of environmental

stresses is related 1o their diversity,
However, we have very poor
understanding of the physiological

tunctioning of individual species




within complex vegetation mixtures
and the interacton of individual
species with each other and the
environment. Studies of hydrological
processes in complex vegetation will
contribute to understanding of their
stability and hence ability to predict
the response to environmental

impacts.

Heterogeneous vegetation
dominates the land surface. Tropical
rainforests, savannahs and wetlands
are regarded as the most complex
vegetation types but heterogeneity is
not confined 1o natural vegetation
types. Intercropping and the various
forms of agroforestry such as
plantations or parkland savannahs
are all mixtures of species created or
manipulated for the benefit of
mankind. The success or failure of
the many possible tree/crop options
in agroforestry depends to a large
extent on the degree to which
components of the mixture are
complementary in their use of water,
light and nutrients. The
measurement and modelling of
water use by component species
and the below-ground competition
for water in agroforestry systems has
a fundamental role in the planning
and management of sustainable

agrolorestry systems.

[H is collaborating with the
International Center for Research in
Agroforestry (ICRAF) in Kenya and
the University of Nottingham in a
comprehensive experiment to
examine the partitioning of light and
water in a typical hill slope tree/
crop mixture. Initial results show
how the tree canopy can save on
walter lost as soil evaporation,
however the introduction of trees
increases interception losses. The
net effect on the complete water
balance of introducing trees has still
to be evaluated but results from this
experiment should help in assessing
the utility of agroforestry systems at

other sites.

HYDROLOGICAL PROCESSES
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Complex vegetation mixtures are
also studied in the ABRACOS
experiment in Brazil. Here detailed
measurements of stomatal
conductance were made with an
infra-red gas analyser throughout the
complex canopies of three different
rainforests across Amazonia. These
observations have revealed less
variation between rainforests for a
particular canopy position but
substantial differences between
canopy positions (see right). Equally
important for modelling rain forest
evaporation are the consistent
negative feedbacks of stomatal
conductance and air dryness
thumidity deficit) which is most
pronounced in the species with the
highest conductances. This implies
that the component species have a
physiological mechanism to restrict

025
- 020 = e D
2 .
=
Q
8 o015
c
g %
2
o ¥
2 o010 -
o
(&)
o
£ oo5
®
e o o
0
0 400 800 1200 1600

Annual rainfall (mm)

Examples of the annual fraction of
rainfall lost as interception, made by
using the Gash et al. (1995) sparse forest
interception model with rainfall data from
1984 to 1988 from Machakos, Kenya,
Different degrees of cover are inpul 1o the
model to simulate dense (1009 W),
infermediate (50% W) and sparse

(10% @) canopies.
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Lvaporation chamber inuse to measure transpivation

from savannah grasses

their water loss when the
atmospheric demand is very high.
IH have also been successful in
using these detailed leaf
conductance data to estimate total
rainforest transpiration as well as its

distribution through the canopy.
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Mixed vegetation svstems have also
been studied in the Sahel. Here the
separation of the transpiration and
evaporation components in sparse
crops and savannah has been
accomplished using a range of
techniques. For example,
transpiration from individual
suvannah bushes (Guiera
senegalensist has been measured
using the stem heat balance
approach and the evaporation
component from the herb and grass
layer beneath the bushes has been
measured using an evaporation
chamber (see left). In cropped areas
ol the Sahel evaporation from bare
soil constitutes a substantial fraction
of the vapour flux from the land
surface, particularly soon after
rainstorms and therefore needs to be
explicitly accounted for in
subsequent modelling of this land
type.

The success of vegetation mixtures
such as agroforestry systems s
dependent on the complementarity
of the two or more species involved.
Complementarity will be a function
of both above- and below-ground
competition for the resources
necessary for growth. Above-ground
processes, such as light interceplion
and stomata responses, are
comparatively well understood,
however, below-ground processes
such as the root functioning of
different components of a species
mixture is virtually unknown. IH is
planning o use a range of vacing
techniques (using stable isotopes
and heat balance methods) to
directly tackle the problem of
obtaining water uptake data from

complex multi-species root systems.

Contact: John Roberts



Sustainable management of natural
resources is a recurring theme in
many of the conventions and policy
initiatives that resulted from the UN
Conference on the Environment and
Development held in Rio de Janeiro
in 1992, Policy makers and funding
agencies alike are recognising that a
more intégrated approach must be
taken in the management and
conservation of natural resources
particularly in areas where
environmental degradation is already

a ﬂ]ﬂjOT conceerri,

Developing methods and models for
improving the management of
natural resources and the
sustainability of agriculture in a
number of different agro-climatic
zones is now a key feature of
research undertaken by IH. An
important feature of this work is the
collaboration with other NERC
institutes, HELs and a number of
overseas agricultural research
institutes as well as the participation

of farmers and local communities.

An example of such a project is an
ODA-funded research programine in
south-east Zimbabwe in
collaboration with the British
Geological Survey, the Lowveld
Research Station and Reading
University. The research within this
programme has been suceessful in
demonstrating the most efficient
ways to extract and use groundwater
to establish small irrigated
community or allotment type
gardens. To date, ten such
community gardens and collector
wells have been implemented as
part of a pilot project. The total
number of households taking
domestic water from these wells is
151 and the total number of families
with allotments on the associated
community gardens is 731, The
project has developed decision-
making models that ¢an be useéd in
siting and designing wells and

gardens and ensuring that the

procedures adopted safeguard the
interactive participation of local

institutions and communities.

An important component of the
research programme in Zimbabwe is
assessing the impact of increased
groundwater development on the
environment, the local economy and
the quality of life of rural
communities. Detailed process
studies are also quantifying and
modelling the effects of land use
and land management on
groundwater recharge and the
Improvements in water use
efficiency that can be achieved by
adopting improved irrigation or
rainfed farming practices.
Replication of the research
recommendations on a wide scale is
now planned by the Government of
Zimbabwe and ODA and nine NGOs
have expressed interest in funding

200 extra schemes.

Another example of research to
improve natural resource
management involves collaboration
with research groups in France,
Denmark, Spain and Belgium. This
project has suecessfully developed
software that can be used for
improving the tactical and strategic
management of limited water
resources for irrigation. The main
contribution by TH has been the
comparative evaluation of a number
of soil water balance and c¢rop
production madels, Research linked
to this project has also led to the
development of a model that can be
used in real time for estimating soil
water availability in crop root zones
using daily rainfall and evaporation
data as well as intermittent values of
surface soil moisture obtained from
remotely-sensed microwave data.
This model has been shown to work
well with crops that maintain
complete canopy cover such as

pasture.

Contact: Charles Batchelor
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Sustainable natural

resource management

Hiscience generales wealth in many ways.
Here villagers in Zimbabwe demonstrale (o
ODAS Permairen! Secretary, Jobn
Verecker, domestic wtensils purchased
through sales of produce from an IH/BGS

collectoy well community garden,
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Satellite radar for soil

moisture monitoring

Soil moisture plays a key role in the
hydrological cycle as it is one of the
most important terms which controls
the transfer of energy and walter
between the land surface and the
atmosphere, rivers and aquifers. The
availability of soil moisture also
determines the rate of transpiration
and therefore controls the growth of
vegetation. Evaporation and
transpiration are the only sources of
atmospheric water vapour and
therefore have a crucial effect on
climate dynamics. The surface soil
laver is where the largest changes in
moisture take place and this strongly
influences energy exchange. This is
also the region which may be
detected by remote sensing, so the
potential for monitoring soil
moisture fluxes over very large areas

is an exciting possibility.

The active microwave instrument on
the European Space Agency ERS-1
satellite was the first satellite
instrument to provide radar data for
long-term Earth observation. Radar
has a number of advantages over
conventional sensors for the
assessment of soil moisture, such as
the ability to acquire data at
frequent and predictable intervals
thanks to its penetration of cloud. In

particular, ar microwave frequencies,
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there is a direct physical link, via the
soil dielectric, between soil moisture
and radar backscatter, Dry soil has a
dielectric constant (g) of about 3
whilst water has an €' of about 80,
When these two materials are
mixed, the resulting dielectric
constant can range from 3 (for
completely dry soil) 1o over 25 (for
wet soil). This relationship is
essentially independent of ambient
conditions such as temperature and
illumination levels which means that
soil moisture can be inferred from
the radar backscatter. However, with
radar other factors such as surface
roughness and vegetation effects
must be either quantified or
minimised before soil moisture

effects can be isolated.

To test the use of ERS-1 Synthetic
Aperture Radar (SAR) data for
monitoring soil maisture, SAR
precision processed images were
acquired at 35-day intervals for three
test sites of sheep-grazed pasture in
the UK, around 20 hectares each,
selected on the basis of contrasting
soils. Both automatic and manually
read instruments were installed to
monitor changes in surface and
profile soil moisture, and vegetation
was sampled at the time of satellite
overpasses to determine its moisture
content and bulk density.

Because microwave radar
frequencies only interact with the
top layer of soil, an integral part of
these studies has been the modelling
of surface/profile soil moisture
relationships which enable moisture
levels within the entire root-zone
region (o be estimated from satellite
data. The main objective has been 1o
develop an operational system for
vegetated soils that integrates the
remote sensing information into a
dynamic soil water balance model 1o
oblain continuous soil moisture
profiles from intermittent soil surface

moisture measurements,




Surface and profile soil moisture
data from the ERS-1 test sites were
used to test the modelling
approaches which resulted in the
development of an operational two-
layer model. The figures on the right
demonstrate the excellent agreement
between the model and observed
surface/profile soil meisture for both

the sandy loam and clay test sites.

Contact: Ken Blyth

1994/95 highlights
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Meso-scale modelling of the Sahel
A meso-scale meteorological
model, with gri¢l size of 10 km
and @ domain size of 1000 km
by 1000 km, has been used to
investigate the effects on the
atmosphere of land surface
variability in the Sahel.
Simulations show that at the
end of the dry season spatial
variations of soil moisture cause
significant variations in the
height of the atmospheric
boundary layer and circulations
in the lewer atmosphere.

Avrctic tundra Measurements of
energy and water budgets have
been initiated on Svalbard island
in the northern extreme of the
arctic tundra. Forecasts predict
that major warming will ocecur
in these latitudes creating the
possibility of additional

atmospheric carbon being
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released by thawing of the
permalrost. IH experimental data
will be used to improve the
modelling of this feedback on

global climate change.

The stem heat balance approach
has been used very successfully
to distinguish rates of
transpiration in different poplar
clones grown as candidates for
biofuels. This approach is
proving well suited to
continuous (10-15 days)

measurements of transpiration.

Measurement of actual evapo-
ration in Mexico A second
CEC-funded project in Mexico
has started with measurements
of actual evaporation over
irrigated cotton to checle satellite
estimates of potential
‘evaporation.
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HYDROLOGICAL PROCESSES

Hydrological classification of methods for improved

dambos in Zimbabwe Satellite
measurements in the thermal
infrared band ar high and
medium resolution were used 10
determine the difference
between surface and air
temperatures. The magnitude of
this difference_and its temporal
ariation during the developing
dry season indicates
hydrological differences

between dambo regions.

Estimation of mean annual

groundwater recharge A
review (for NRA) of existing
practices and a comparison of
models allowed nomographs to
be developed for the rapid
estimation of mean annual
groundwaiter recharge at drift-
free sites on the Chalk and
Permo-Triassic Sandstone

aquifers of England and Wales.

Mapping suspended sediments

from airborne data As part of
the LOIS programime, airborne
spectral images are being
combined with ground data 1o
map suspended sediments and
temperature in reaches of the
Rivers Ouse and Trent and some

of their tributaries.

Climate change and water

resources (for NRA, EC and
ODA). Creating climate change
scenarios at a spatial scale
suitable for catchment-scale
hydrological studies and
developing water balance
models which can be applied
across a large geographical

domain, such as a4 continent.

Satellite radar for monitoring

fluvial and coastal floods
Severe flooding in central
Europe Lluring Junuary 1995 was
successfully recorded by the
European ERS-1 satellite

synthetic aperture radar and
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processing and dissemination of
the data are being evaluated. An
EC-supported study with the
Philippines Atmospheric,
Geophysical and Astronomical
Services Administration and
Sheffield University addressed
the problems of flood mapping
following tropical cyclone and

monsoonal rainfall events.

Soil moisture estimation using

ERS-| satellite radar A NERC
Special Topic Study to
determine the feasibility of
modelling soil moisture from
surface dielectric information
recorded by satellite SAR.
Instrumented test sites were
used to determine the effects of
soil and vegetation moeisture,
surface roughness and soil type
on radar backscatrer. Optimal
modelling was developed to
relaie surface to profile soil
moisture. Field validation
measurements for the NASA SIR-
C \ X-S5AR Shuttle radar
experiment were undertaken in
Norfolk during April and
October 1994,

Advances in evaporation theory

Synthesis of evaporation and
water balance data recorded in
a number of vegetation types
has led to improvements in
evaporation madels. For
example, the control of
evaporniion by soil moisture
supply is being examined in a
new model being developed
jointly with the Institute of
Terrestrial Ecology. Also, the
first coupled model for
combining radiation,
interception and transpiration in
mixed species has been
developed. This should have
wide application in the broad
range of mixed vegetation
systems which are typical of

most of the world's vegetation.



ENVIRONMENTAL HYDROLOGY

The Environmental Hydrology Division seeks to provide
an understanding of the dynamics and key processes
controlling pollution of surface water systems. By
representing the key processes within mathematical
models, our aim is to promote scientific understanding
and to facilitate improved water quality and

environmental management.

Environmental
Hydrology

REGION AL WATER UK rivers transport many thousands movement of chemicals from the
of wnnes of material to the oceans lanid te rivers, to estuaries and then
QUALITY edach year. Included in this load are out to the continental shelf and deep
anthropogenically derived pollutants seas. An important component is to
such as nutrients, heavy metals and madel river systems and examine
Alice Robson organic chemicals. These impact how fluxes to the oceans may
upon both river and ocean change. IH has a pivotal role in
ecosystems and are of particular bringing together regional data and
concern for confined ocean zones detailed studies of river processes
such as the North Sea. A major (undertaken in collaboration with
requirement in understanding such universities and other NERC research
inisterb systems is the identification of institutes) and in linking these into
riverine inputs the modelling worlk.
including scenarios
for land use, Interpretation of regional data is
climatic, crucial. Water quality data is
demographic and routinely collected by the NRA
industrial change. regions and the Scottish River
. %’:’;f:‘“}::;'&‘;ﬁ i;’;&&ﬁﬁh T—’uru’ica%ion Blnzu'ds and the Ix.l.t%titure
w‘":m-':"‘.,;{:‘l:mj ifi@":‘;” ¥ The NERC Land is working with these authorities to
~};’ﬁ%ﬁ$&%@;w Qcean Interaction explore this exiensive resource. The
2l E“m‘-ﬁgﬁgﬁﬁ Study (LOIS) is at data incorporate regional time series
the forefront of records of many pollutant
BEuropean research components and include information
into the scientific on sewage and industrial effluents as
issues of controlling well as river water quality. The
the North Sea resource is further strengthened by
environment. Il aims new field studies to provide more
o look at the derailed information at strategic
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points for @ wide range of
pollutants, The new data will be
used as the base for better estimates
of flux and to describe the dynamics
of chemical transfers. With

measurements .‘ip]'Cﬂd Across many

hundreds of sites and including over

50 chemical determinands, effective
data presentation is critical to

practical regional interpretation,

The LOIS study area extends from
the Tweed 1o the Wash,
incorporating a diversity of
environments and related water
quality issues. The region includes
examples of rural areas (e.g. the
Rivers Tweed, Ouse and Derwent)
and highly industrialised catchments
(e.g. Rivers Aire; Trent and Tyne)
which have varied geologies, soil
and vegetation types. From this
diversity, a regional perspective on

INSTITUTE OF HYDROLOGY ANNUAL REPOGRT 1994-95

water quality issues is being
developed which is a vial precursor
to establishing how systems should
be modelled and how water quality

may change into the future.

Regional differences between the
developed areas and rural
catchments are striking, primarily
because of significant effluent
discharges from sewage works and

5. There are

industrial proce
extensive data for orthophosphate to
demonstrate this, with very high
levels in South Yorkshire and the
upper Trent regions resulting from
heavy pollutant loads deriving from
cities such as Leeds, Sheffield. Derby
and Birmingham. The same regional
pattern of increased concentrations
in the urban/industrial areas is
common to many other chemical
species. Metals, for example, in
industrial rivers can be as much as
an order of magnitude higher than
the background rural level. The
figure on the left presents LOIS and
NRA average river water quality for
chromium for two contrasting
Yorkshire rivers, the Aire and the
Ouse. Trade and sewage effluents
are also shown. On the Quse there

are few measured sources and the

ensuing river concentrations are very

low (below detection limits in many
cases). The Aire receives numerous
effluent discharges, many very high
in chromium. River concentrations
inicrease down the course of the Aire
reflecting the incremental inputs
from Keighley, Bradford and Leeds.
On the Calder, many of the sewage
discharges are high in chromium
oo, especially around the Dewsbury
region. The chromium in these
sewage discharges is likely to be of

industrial origin: although some

direct trade discharges do accur,

most industrial effluent is sent to

sewers and treated in combination

with domestic effluent.

Exceptions to the general pattern of




Manganese

Chromium

51 =Upper Swale
$2 = Lower Swale
U==Ure

N = Nidd

O = Quse

W = Wharf
De = Derwent
A= Alre

C = Calder

D =Don
T=Trent

Average dissolved and total metal concenrations for the LOIS monitoring sites.

high concentrations in highly
populated areas are illustrative of
the importance of geological sources
for some chemicals. For example,
particulate lead is very high on the
Swale due 1o mineralisation in the
area (this is an old lead mining
region). Barium too is higher in the
north Yorkshire rivers and this is
because of a geologically related
groundwater source which is not

present further south.

Although many of the industrial
catchments are dominated by point
source inputs, there are also diffuse
groundwater and soil sources of
many substances. Although the
diffuse component may be
comparatively small, nevertheless it
is of significance when considering
long termi changes in water quality.
Rural areas, where diffuse sources
are dominant, are ideul for
characterising the nature of diffuse
input. Nitrate data on the Tweed
show regional variations which can
be linked to land use and w the
hydrological characteristics of the
soils. The particularly high diffuse
nitrate source in the lowland arable
areas relates to high fertiliser
application and o runoff from slurry

and silage.

Differences between industrial and
rural areas extend further than the
average concentrations variations
presented above. Contrasting flow
dynamics and chemical processes
apply because the characteristics of
the sources are different. More
pelluted rivers carry a far higher

proportion of metals in particulate

Dissolved concentrations are shown as solid bars, total concentrations (=

form because of the high particulate
content of sewage effluent. This
explains why less than half of the
total suspended chromium in
southern catchments is in dissolved
form, whereas almost all chromium
is in dissolved form to the north.
Contrasting relationships with flow
are also observed for many species.
For example, nickel concentrations
increase with flow on the clean
upper Swile, with the dominant
source from near-surface soil waters
which mainly contribute during high
flows. However, nickel shows a
decreasing relationship with flow on
the Calder; there is increased
dilution of the polluting point

discharges as {low increases.

Overall, LOIS has made it possible
to bring together a4 vast amount of
data so allowing fundamental
questions to be resolved about
regional water quality issues and the
hydrochemical functioning of
catchments, Further investigation
can now follow of specific scientific
issues such as the fate and chemical
transformations of pellutant
components, The study provides the
basis for approaching the broader
issues of how complex
environments should be modelled
and how environmental
management and legislation can
contribute to a healthy river, coastal

and marine environment.

dissolved + acid extractable metal) are shaded. Boron, chromium, nianganese and

nickel show typical patterns of highesr concentrations in the southern “dirty”

rivers, and lowest concentrations in the northerin “clean” rivers. Barivm and lead

are hwo exceptions to this (see text). Bariwm has a groundwater source in the north

and, apparently, few industrial sources in the south, Nete that for chromiun the

split between total and dissolved is very different in the “dirty” rivers.
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Water resource

management in Nepal

A three year project investigating
land use, soil conservation and
waler resource I]l[ll1ﬂgtflnt?n1 in l'h(;'
Nepal Middle Hills has recently
heen completed. Hydrological
aspects of this project centred on

data collected from six catchments

of between 2 and 5 km?* all located
within the Likhu Khola watershed
to the north of Kathmandu. The
data describe both the physical and
the chemical aspects of the
catchments’ hydrology (e, rainfall
and flow, quantitics and
chemistries). These data were used
to study the short and long-term
consequences of current agricultural
praciices, and the likely effects of
expanding agricultural development
to meet the demands of a rising
population. A particular concern
was that unsuitable land was being
developed that would have a very
limited productive lifespan and
could lead to a destabilisation of 4

finely balanced landscape.

Current land use practices have
seen the replacement of the native
forest with grazing land and two
types of terrace systeny; flooded
khet terraces, mainly used for rice
production, and gently sloping bari
terraces used for maize, millet
mustard, potato and wheat. Within
the Likhu Khola the farmers and
local communities were, in general,

found to have adopted good land

Application of fertilizer as a side dressing

mandagement practices, such as the
use of farmyard manure to improve
s0il structure and increase its organic
content, and the replanting and
careful management of forests to
mairitain a valuable resource and

prevent degradation,

Hydrochemical studies involved the
application of two water quality
maodels, Ricyele is a nitogen eyeling
model based on mass-balance
principles and adapted o account
for the appropriate nitrogen
transformations within rice terraces.
Magic-Wand is a long term lumped,
process-based model of soil and
water acidification. There were three
main conclusions of practical use 1o

the local farmers:

B The long-term benefits of
farmyard manure application
would be offset by resulting
problems of soil acidification
that may be further exacerbated
by anthropogenic acidic oxide:

deposition from the atmosphere.

B Application of fertiliser as a side
dressing 1o flooded terraces
should not continue as the
fertiliser is quickly washed off
and is not available to promote
plant growth.

m  The use of ammonium sulphate
as a fertiliser should be stopped,
as it is likely to cause severe soil
acidification problems. It should
be replaced with an alternative

nitrogenous fertiliser.

Complementary components of this
ODA-funded project investigated the
effects of land use on aquatic
biology (University of Wales,
College of Cardiff) and
morphological studies of landslide
susceptibility and gully formation
(ledd by Queen Mary and Westfield

College).

Contact: David Boorman
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The beneficial effects of earthworm
dctivity in maintaining soil structure
have long been realised. Surface and
sub-surface feeders have been
shown to both increase and
distribute organic matter through the
soil profile, Cast production and the
excavation of burrows contribute o
improved soil structure and profile
development while surface and sub-
surface casting can increase the
amount of water-stable aggregates
which, in turn, may decrease liability
1o soil erosion. The influence of soil
structure on hydrological processes
such us infiltration and water flow
through soils may be reflected in the
pore size distribution. Numbers of
biopores have been directly related
to total numbers of earthworms and
the porosity of soils has been shown
to be increased by earthworm

burrows,

It is very disturbing, therefore, that
the recent introduction to the British
Isles of the New Zealand flatworm
(Artioposthic triangileala) has been
found to be a veracious predator of
indigenous earthworm species. In a
number of studies A, riangutlate has
been shown to be drastically
reducing earthworm populations
from observed sites, Having no
natural predators in the British Isles,
the spread of A. triangulata has
been rapid since its first sighting in
Belfast in 1963, Although A.
trigngudata is now most prevalent in
Scotland and N, Treland there have
been some sightings in the Republic
of lreland, and increasing numbers
found in England. This suggests that
A triangulata is progressing slowly
further south and populating new

areds.

The absence of earthworms has
been shown to have dramatic
influences on soil structure, In view
of the threat posed to indigenous
earthworm populations, we are
assessing the indirect effects of A.

trigngudetar on hydrological

processes which may occur asa
consequence of earthworm
depletion. Potential changes in
catchment hydrology could have
subsequent and dramatic long-term

repercussions.

Laboratory studies were conducted
on soil cores taken from a three-year
bin experiment conducted by the
Department of Agriculture for
Northern Ireland (DANID) and the
Queen’s University of Belfast. The

bins were packed with 2 soil mix

and had replicated weatments
containing worms only (it 2), A.
trianguilata added six months after
worms were established (trt 4), and
a control with no earthworms or A.
trietnguilata (it 1) — see figure on
next page. Significant differences in
the water release characteristic and
bulk density between treatments
were recorded. The figure shows the
greater water holding capacity of the
soil with the earthworms only,
whereas the treatment with A.
triangulaia showed a similar soil
structure to the control because of
earthworm predation. There was
also a significant increase in soil
bulk density observed in the
earthworm-only treatment as
compared to the others. This again
suggests limited structural
development following the removal

of earthworms by A, tricngiedte.

Field measurements in Northern
Ireland using the CSIRO disc
permeameter demonstrated
differences in saturated hydraulic
conductivity between sites over-run
by A. triangulata and neighbouring
unaffected sites. Tt
now seems evident
that A. triangulata
is successful in
reducing earthworm
populations to a
degree where soil
structure and its
related influence on

hydrological

ENVIRONMENTAL HYDROLOGY

Hydrological and
environmental impact
of earthworm
depletion by the New
Zealand flatworm
(Artioposthia
triangulata)
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Saturared hydraunlic conductivity

measurements using a disc permeameter

Predicting bacterial

water quality

properties are affected. The main
conclusion of this work is that a
change in earthworm activity may
reduce saturated hydraulic
conductivity and infiltration rates,
inducing more exrreme surfiace

runoff.

A number of catchment models have
already demonstrated the sensitivity
of rainfall-runoff relationships to
these soil hydraulic parameters. This
process could well lead to
environmental damage. Increased
runoff may result in increased

agrochemical pollution and flood

hazards as more water passes
directly overland to rivers and
streams. In areas subject to
acidification the change in flow path

could be very significant. Other
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E.coli bacteria are found in the
intestines of warm-blooded animals
such as cows, sheep and humans.
The organisms enter the natural
environment when excreted in
faeces and reach the river in surface
runoff from rainfall, in water
percolating from land adjacent o the
channel, or in elfluent discharges.
Only a small proportion of the
organisms initially released will
reach the channel, The vast majority
are either killed an the land surface

by sunlight or dehydration, or
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studies have demonstrated that
increased surface or near surface
runoff would greatly enhance
hydrogen ion and aluminium
concentrations in acidified
catchments, This would increase
stream acidification, impacting on
fisheries and stream invertebrate
populiations. In heavier soils where
major hydrological pathways are
along macropores created by
earthworms, reduced drainage may
mean severe waterlogging resulling
in a reduction in agricultural
productivity. The severity of these
hydrological changes on land use
and existing agricultural practices
when extrapolated o catchment

scale may be extreme.

Contact: Atul Haria
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filtered out in the soil. On entering
the stream the organisms are
immediately in competition with the
native microbes whose hostile
activity is increased at warmer
temperatures. They are also under
attack from their own immediate
environment since sunlight falling
on them damages their DNA,
rendering them incapable of

multiplication and both acid and

alkaline waters inhibit their ability to
take up nutrients and excrete |

W

tes, The main survival strategy




available to such organisms is
therefore through attachment o
particles and clumping together.
This can mask them from harmful
sunlight and afford physical
protection from preying microbes. In
parts of the river where there is litde
turbulence, within meanders for
example, the organisms attached to
particles or clumped together can
settle on the river bed. Following
heavy rain and rising river levels,
increased turbulence disturbs the
stores of organisms in the bed,
sweeping them back into the flow.
This settlement/entrainment process
may repeat a number of times
before the organisms either die or

are washed out into the sea.

Given this complexity, the challenge
was to provide an improved method
of predicting the bacterial water
quality of streams and rivers. A new
I coli model has been developed
under contract to the Department of
the Environment and the National
Rivers Authority with great potential
for water supply protection and the
estimation of bacterial loads to the
coast where compliance with
bathing waters regulations may be

ol concern,

In general, existing models for F.coli
dynamics in rivers make certain
simplifying assumptions. First, that
bacterial die-off occurs at a constant
rate and second, that organisms
settled on the river bed can no
longer affect the concentration in the
water. The new model is not limited
by such assumptions and has terms
describing the exponential increase
in L.coli die-off with temperature.
Linear equations relate die-off to
sunlight intensity, and the reduetion
in light penetration to the
concentration of particles. The
relationship with acidity (pH) uses a
hyperbolic cosine law, such that die-
off is a minimum at neutral pH. The
maodel also exists in a simplified

ENVIRONMENTAL HYDROLOGY

Simplified diagram showing some of the =
interactions affecting E.coli behaviour ‘
in catchments

Die-off caused by dehydration
and the sun's harmful rays

Generalised diagram highlighting sources of E. coli, their transport mechanisms and influence

on survival on the land and in the aguatic énvironment

version in which die-off is rreated as
a seasonal cosine function. Field
experiments have shown that the
wash-out of organisms from the river
bed does not occur ar any one
threshold flow, but is a continuous
process oceurring over the full range
of flows observed. This behaviour is
achieved in the model by splitting-
up the river bed storage into a large
number of sub-stores which are
flushed out in sequence as the flow
rises. These features are
incorporated into a simple river
mixing model and represent a
considerable improvement in the
ability to simulate #.coli behaviour
in UK streams and rivers,

Future applications include the
modelling of other microbial
indicators such as faecal
streptococei. Application of the
model to non-microbial
contaminants such as heavy metals
and pesticides would also be of
interest, These contaminants, like
E.coli, become attached to particles
in the water and the entrainment/
settlement mechanism used in this
model should be of value in
predicting their concentrations as
well.

Contact: Jeremy Wilkinson
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1994/95 highlights

Trends in surface water acidifi-

cation A five-year review of the
data collected as part of the
DoE-funded UK Acid Waters
Monitoring Network shows
trends towards increasing acidity
in areas most affected by acid
deposition, most likely due to
increased mineralisation of
organic matter during the hot
dry years at the start of the
MOonitoring Programme.

Assessing the role of nitrogen

depasition As 1 major input to
the UK's participation in the
international negotiations on
reducing acidic deposition, the
dynamic model MAGIC has
been further developed to assess
long-term responses to nitrogen

deposition.

Water source areas and flowpaths

Extension of the borehole
nerwork at Plynlimon has
identified the existence of
dynamic and chemically variable
groundwater a8 an important
component of stream chemistry
in an area classically regarded as

essentially impermeable.

Pesticide movement in catch-
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ments Recently completed field
monitoring has found pesticide
transport to streams to be
function of flowpath, soil type
and drainage. Pesticide
degradation and adsorption
during transport through the
unsaturated zone has been

found to be insignificant.

Climate change impacts First

results from the climate change
manipulation facility (CLIMEX)
confirms a rupid and significant
change in leaf gus exchange
responses and increased,
although not significant, stem

biomass in ground vegetation.

New methodology for flood

estimation Continuous
simulation of runoff using the
TATE and PDM models, coupled
with a peaks-over-threshold
analysis, has provided flood
estimates in a small mnge of
catchments, a substantial
improvement on the existing

design package approach.

Big basin models A number of

ways of representing
hydrological processes at the
large scale are being explored
and assembled with applications
in flood hydrology (MAFF-
funded), climate modelling
(TIGER), and water quality
(LOIS). As part of the TIGER
work, a river routing model that
can be applied globally has
been developed and plans o
implement this within coupled
land-ocean GCMs are being.
pursued with the UK
Meteorologicnl Office.



MODELLING
EVAPORATIVE
LOSSES FROM THE
UPLANDS OF
SCOTLAND

David Price

LAND USE AND EXPERIMENTAL HYDROLOGY

With memories of the recent drought still prominent,

water resource management in the UK, and water

quantity in particular, is a key issue. Whilst climate

modification, if achievable through reduced carbon

emissions, remains a long-term and perbaps uncertain

strategy in relation to improving water resources, il is

known that the management of land use and land-use

change can bave direct and — in some cases —

immediate impacts on the hydrological regime.

Land Use and
Experimental
Hydrology

Since the 1950s conifer forests in
upland Britain have been identified
as being responsible for increased
rates of evaporation when compared
with grasslands and other low
vegetation covers that they often
replace. The magnitude of this
enhanced rate of evaporation is
sufficient to lower catchment water
vields and hence has economic
implications for the water resource

industry.

Afforestation in the Kirkton Glen, Balguhidder, Scotland
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The extent of forestry in Britain is
remarkably small although it is
currently higher than it has been for
several hundred vears, covering 2.3
million hectares, which represents
just 10% of the land area. At the turh
of the century the coverage was
only 5%. The main expansion
occurred after the 1940s and has
been concentrated in the uplands,
primarily as a result of following a
policy of afforesting only
agriculturally poeor ground. Conifers
are favoured, and Sitka spruce in
particular has gained prominence,
on economic grounds, for its ability
to thrive on poor upland soils in the
wet UK climate. However,
agricultural surpluses within the
European Union have recently led to
relaxation of the practice of
afforesting only marginal lands and
have stimulated the provision of
financial incentives, in the form of
Woodland Grants, for new
woodland areas. This, coupled with

the nation’s continued requirement
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to reduce its timber imports, will
probably lead to further increases in
tree cover in both the uplands and

lowlands of Britain,

The UK uplands are also very
important 1o the nation’s water

resources. These areas tend to have

higher rainfall and produce relatively

clean water, ideal for supply.

Clearly the impact on water yield of
afforestation needs 1o be understood
and effectively managed if
significant conflict between the
forestry and water supply industries
is to be avoided. Similar issues affect
the hydro-electric industry which
has an obvious financial interest in
maximising the water yield from its
catchments and reservoirs. The
recent incentives to use non-fossil
fuels have stimulated renewed
interest in the potential and effective
management of hydro-electric

schemes.

Forestry-induced reductions in
runoff from headwater catchments
can have detrimental effects on the
aquatic environments within their
drainage networks, and have local
impacts downstream on
hydrologically sensitive ecosystems,
such as dependent wetlands. The
impact of afforestation on rivers
continues to be an issue ol interest

to both water resource managers
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and environmental managers alike,
and demands methodologies
capable of realistically predicting
likely consequences of land-use

change.

Evaporative losses from forests are
higher than those from low level
vegetation cover such as grass.

principally because of greater

interception losses. Interception loss,

the evaporation of precipitation
water from the plant's surface, is
dependent upon both the canopy’s
ability to “intercept” and store
precipitation and its aerodynamic
roughness. Differences between
vegetation transpiration rates, the
other main evaporation process, are
smaller and tend to be less
significant in the wet upland
environment.

One approach followed by the
Institute 1o determine the impact of
land-use change in the uplands has
heen to investigate in detail the
evaporation resulting from
interception dand transpiration
processes from cach of the major
types of upland vegetation cover.
Process studies using lysimeters,
gamma ray atténuation techniques,
interception sites and soil moisture
monitoring were conducted at

representative sites in mid Wales,

north Yorkshire and at several

200 250 300 350

Julian day number.

Area graph showing the predicied daily twtal evaporative losses for mature forest for 1992,

Kirkton forest, Balquhidder. Shading indicates relative comributions Srom transpiration and

infereeption:
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locations in the Highlands of
Scotland. Weather stations were also
installed at high altitudes to improve
the understanding of the variability
of upland meteorological conditions.
Thes¢ investigations determined the
evaporative characteristics of mature
coniferous forest, heather, upland
grass, brash and snow cover. From
this & deterministic daily evaporation
model related 1o land use was
constructed. It has a minimal data
requirement and can be used
generally to predict evaporation
from upland catchments, The model
requires only estimates of daily
rainfall, daily Penman potential
evaporation, and snow coverage
where relevant, together with the
proportional coverage of each land

use.

Output from the model is in the
form of daily losses associated with
each of the key evaporalive
processes for each of the different
land-use types. The model can
therefore be used to investigate the
seasonality and magnitude of the

individual evaporation processes.

The model has now been tested
over a range of Scottish climatic

conditions by applying it to seven

upland headwater catchments and
comparing the predictions with the
measured water balances, which in
themselves can only provide
estimates of the absolute water
losses. These catchments encompass
the range of rainfall patterns
experienced from the drier east to
the wetter western hills of Scotland,
and 4 range of other climatic factors
including potential evaporation and
the probability of snow cover.
During the period 1987 to 1990 the
Kelty catchment and the three
catchments at Loch Dee experienced
average annual rainfalls of

>2500 mm whilst the Girnock
received little more than 1000 mm,
and the Errick and Tima received

approximately 2000 mm. The




catchments in the Southern Uplands
experienced little snow, whilst the
Keley and particularly the Girnock
carchment were affected by snow
cover. The land uses of the
catchments vary, with forest canopy

coverage ranging from 0-75%.

Model predictions of the evaporative
losses are shown below, together
with those deduced from the
catchment water balances. A good
correlation is evident, providing
support for the validity of the
modelling approach and its

usefulness as a predictive 1ool,

The model can also be used 1o
assess the sensitivity of catchment
evaporative losses to change in land
use, either on an annual basis or on
a seasonal basis to assess whether a
land-use alteration may change not
only the overall quantity evaporated
but also its seasonal distribution.
The data for the Tima catchment in
the Borders of Scotland predicts an
increase in evaporation of
approximately 50 mm per 10% of
the catchment converted from mixed
moorland to forest. This rate of
increase, however, is not applicable
to other locations that experience

different elimatic conditions.
To illustrate this in mere detail, the

predicted evaporative losses of

upland grass, heather and mature
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coniferous forest are shown above.
Here the model is repeatedly run
using rainfall input derived from an
incrementally scaled rainfall data set
from the IH Balquhidder field site in
the central Highlands, with the
simplistic assumption that the
potential evaporation remains
unaltered. The modelled rainfall
range corresponds to that likely to
be observed across the uplands of
Scotlane. The analysis predicts a

nen-linear relationship between

annual losses and rainfall for forest,

and that the magnitude of the losses
associated with forestry are
dependent upon the amount of
rainfall.

Gimock.  DargalL. Green'B, White'L Kelty Etrick Tima

The Tumped deterministic model is
currently being modified to allow it
to run within a GIS. This will allow
the convolution of the rainfall and
evaporation patterns with the actual
pattern of the land use which should
lead to both a more general
framework for operating the model
and better predictions of the impacts
of land use change.

F I
#— Gimock

Loch Dee ity
Dargall Lane
Green Burn 2

e Ettrick
White Laggan Tima

B Upland areas
E Major forestry areas

Annual evaporative losses (mm
K.
o
o

i | osses derived from catchment P-Q
& Model predictions

Model prediciions of evaporative losses compared o caichment rainfall — runoff values (3 year average, 1987-1990)
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Interception losses
from immature forest
in northern England

Whilst there have been a number of
studlies of interception losses from
upland forests they have
concentrated on mature plantations
and there is very little information
available on losses from young trees,
The management of commercial
forest plantations has reduced the
period from planting to felling, so
the crop rotation may now be only
50 years. As a result, the immature
forest stage is becoming a significant
part (perhaps a third to a halh) of the

total planted area,

The Institute's afforestation study at
Coalburn in Cumbria provides an
ideal opportunity to study these
losses, within a young conilerous
forest under 10m in height, In
conjunction with the NRA, the
Forestry Authority and North West
Water plec, an interception study at
Coalburn was established in summer
1994, with measurement of net
rainfall (throughfall and stemflow)
beneath the wee canopy. The
difference between the quantity of
rainfall actually reaching the grounc
and the total rainfall, as measured by
a ground level raingauge in an
unplanted area, is the amount of
water intercepted on the tree

canopy and then evaporated.

The choice of technique for any
interception experiment will be
dependent upon a number of
factors. With immature trees there is

much greater spatial variability in

E 1500 ,
£ — (Gross rainfall
— — Net rainfall
8 1000 //_‘
£
&
2 500
©
=
E o
(@] 100 200 300 400 500 600
Time (days from 1/1/94)
Cumulative gross and net rainfall measured at Coalburn during
Meay 1994 - May 1995
46 INSTITUTE OF HYDROLOGY ANNUAL REPORT 1994-9%

the tree canopy coverage, and hence
net rainfall, than is the case for a
mature closed canopy forest. It is
therefore particuldarly important o
adequately sample the net rainfall to
obtain a representative average areal
value, Consequently, it was decided
to use large plastic sheet net-rainfall
gauges capable of collecting all the
stemflow and throughfall over areas
of 20-50 m* Flows from the sheets
are recorded using large (1 litre
capacity) tipping buckets: In
addition, an automaltic weather
station was installed on a tower to
provide information on tree canopy
climate parameters needed for

detailed modelling work.

Twao sites, both under Sitka spruce,
were chosen with contrasting forest
growth: one site with 7 m high trees
and a second site with 9 m high
trees. Both sites were at least 50 m
from the nearest forest edge to
provide representative conditions
not unduly influenced by ‘edge’
effects. From examination of the top
leader shoots, it was estimated that
the growth of the trees is currently
about one metre per year. Over the
three-year study the trees would be
expected o grow to heights of 10 m
at the first site and 12 m at the
second site, thus providing infor-
mation on losses from trees over a

total range in heights of 7-12 m.

Four interception gauges were
installed, with replication under
each size of tree, to determine
whether variations in catch were
due to the different size of the trees
or simply because of random errors.
Over the first vear there has been
good agreement between all four
gauges and their response to rainfall
events between measurement dates

is almost identical.

The mean annual rainfall for
Coalburn is about 1400 mm and is
evenly distributed throughout the

vear. For the 12-month period under




discussion a total of 1415 mm was
recorded, compared with 1120 mm
net rainfall. The annual interception
loss amounted to 20% of the gross
rain. This varied from about 28% in
summer months (July-August) 1o
13% in winter (November-

December).

We are finding that interception loss
at Coalburn from these immature
trees is much lower than has
generally been reported from studies
on mature trees within the UK for
similar ¢limatic conditions. where
annual values, typically of about
359, have been found. The
interception losses noted here

amount to nearly 200 mm yr' less

Interception site

The sediment outputs from large
scale river catchments are
particularly difficult fluxes to
measure as most of the sediment is
conveyed downstream during a
small proportion of the time, i.e.
during high river flows. The
monitoring of these intermittent
events requires the use of a large
network of automated flow-related
bulk sampling, continuous turbidity
measurements and manual
sampling. These monitoring
technologies have been integrated
into the IH WISER (Wallingford
Integrated System for Environmental
Monitoring in Rivers) system. Real-
time river flow and suspended

sediment transport data provided by

LAND USE AND EXPERIMENTAL HYDROLOGY

than expected fora mature forest
This has clear financial implications
for water utilities and shows how an
understanding of the hydrological
effects of forestry management may
help to derive an optimum overall
production of wood and water from

the same land.

A modelling exercise is being carried
out to determine which particular
attributes of the immarture forest are
responsible for the reduced
interception losses. Initial studies
indicate that the higher aerodynamic
resistance from the shorter forest is
likely to be the most important
determinand. However, other site
factors are also being investigated
which may lead to reduced
interception. such as the possibility
that high wind speeds enhance
drainage rates from the canopy
through shaking of the branches,
and the possibility of cloud water
deposilion providing an additional
input to the canopy that is not

recorded by the raingauge,

Contact: Mark Robinson

telemetry from the LOIS river sediment transport
monitoring networks in the Trent
research: high

and Yorkshire rivers (see page 33)

and through coﬂubor:tlioﬂk with the magnitude floods in
NRA, provide essential information
to determine sampling strategies the Yorkshire rivers
used by the field team based at the

LOIS York Laboratory.

The flood events over the period 29

January to 3 February 1995 were the

most significant flows in the Humber
catchment since the field

programme began in summer 1993,
They provided both valuable
scientific data and a test of the
reliability of the monitoring
technologies, checked against

parallel manual sampling runs. In
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The River Beal in flood
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the main, the floods consisted of a
double peale. The first peak was
mainly due to snowmelt from the
Pennines and the second peak was
triggered by a deluge of rain over
the entire catchment. Data from the
NRA indicated that precipitation
totals at Tow Hill in the headwaters
of the Ure (near Hawes) exceeded
130 mm in one 24-hour period,
resulting in river [lows on the Ure-
Ouse system greater than the
flooding of 1991, although not as
great as in 1982, River discharges
tended to be greater on the Ouse
system for the second event (well in
excess of 400 cumecs at Skelton on
the Ouse), whereas the River Aire
peaked during the first event. On
the Quse at York, this was the fitth
largest flow event in the 120-year
flow record.

During the floods, manual bulk river
water samples were obtained night
and day in a successtul bid to cover
high flows on as many of the rivers
within the experimental region as
possible. Continuous monitoring.
equipment for water chemistry and
turbidity were activated during the
events. Water discharge and
sediment loads are shown down
river on the Ouse at York. On the
Swale at Leckby, samples obtained
from automatic bulk samplers
indicated sediment concentrations of
more than 1500 mg I at the peak of
the floods. This emphasises the need

to ensure good coverage of such
intermittent high magnitude events,
as these sediment concentrations
and fluxes were much higher than
any previous LOIS river
measuremients. An integration of
calibrated turbidity record with flow
data gives an overall value of

25,89 x 10° kg for sediment
discharge in the Upper Swale and a
very similar value for the Lower
Ouse (26.89 x 10" kg) despite major
inputs from the Ure, Nidd and other
tributaries. This indicates a large
within-channel storage component
to the sediment budget, which may
be very important with regard to
chemical transformations and

biological mediation.

There are also losses of material due
to overtopping of flood
embankments, recorded by vertical
air photograph coverage on 2
February 1995, This survey yielded
full colour stereo pairs which were
processed Lo indicate flood coverage
and combined in a GIS format with
the ITE land use map to indicate
areas of particular land use. The
source of this material in the study
catchment is being identified in a
joint TH/Universities of Exeter and
Coventry investigation of a range of
radionuclide and geochemical

suspended sediment labels.

Contact: Graham Leeks

24th Nov 1994
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Discharge (blue) and sediment loads (green) for the River Quse at York
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During the course of the mid-Wales
Llanbrynmair afforestation study
(1982-present) chemical data from
various streamflow sites showed
farger than expected spatial
variations. From the patern of
distribution it was possible o
identify a considerable reduction in
nutrient concentrations, acidic
anions and levels of metal pollution
in the Ceunanmt Ddu tributary of the
Cwm experimental catchment as it
passed through an area of riparian
wetland. An intensive study of this
wetland, funded by the Welsh
Office, revealed that the perceived
benefits inferred from the original
black-hox hydrochemical study were
not solely due to the action of the
wetland, bur were also affected by
the exposure of well buffered
material in the base of forestry
drainage lines and plough furrows in
the lower part of the catchment, For
some determinands, particularly
nitrogen species, the benefits were
not consistent and depended on
prevailing climatic conelitions in
particular years, Nevertheless, the
study was able 10 identify the active
hydrological pathways in the
catchment, and 1o suggest that the
degree of change in streamflow
chemistry was remarkable
considering the small size of the
wetland in relation to its feeder

catchment.

The project raised two important
issues: (1) climatic variahility,
leading 1o reduced wetness, may be
a major control on the effectiveness
of wetlands as water purifiers, and
(2) there may be important links
between water quality changes and
gaseous losses from wetlands.
However, the flow pathways within
the Ceunant Ddu tributary were
considered oo complex for a well-
controlled manipulation study,
where the aim would be to elucidate
the biochemical processes involved
in locking up or releasing nutrients,

acidic anions, associated cations and

LAND USE AND EXPERIMENTAL HYDROLOGY

greenhouse gases in the wetland, A

Upland wetlands,

gully in the Wye catchment at
Plynlimon, Cerrig yr Wyn, climate and water
containing a discontinuous flush quality in Wales
wetland system, was found to be
hydrologically simple and thercfore

more suitable for such a study. The

experiment was based on a novel

technique of simulating predicted

scenarios of climatic change, to drier

or wetter conditions, by

manipulating flows through small

patches of wetland and monitoring

the consequences for drainage waker

quality and gaseous emissions. The

latter clearly have implications as

potential feedback mechanisms for

climate change through the

greenhouse effect, as well as

providing a “safety valve” role for

water quality.

During the simulated droughts, flow
through the wetland was reduced o
about a third of normal, effectively
curtailing the recharge of peat from
below and allowing the wetland
hydrological system to split into two
vertically-separated compartments.
Water level deficits of up to 350 mm
built up in the experimental wetland
compared to 150-200mm in the
control. In the first year the peat
appeared to become hydrophaobic
on rewetting following the drought,
a feature implicated in the significant
suppression of emissions of methane
{CH)) from the wetland. It was
perhaps expected that CH,
emissions would decline as the
wetland became more aerobic, It
now appears that an additional
agent inhibiting methanogenesis
could be either the direct effect of
increased sulphate concentrations in
soil water, from oxidation of
sulphides, or the associated increase
in acidity.

Drying of organic soils often leads 1o
mineralisation of nitrate (NO,)
which is then washed out in
subsequent wet periods, and losses
of NO, from the wetland followed
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Flow measurement system for input of excess runoff 1o

manipulared wetland ar Cerrig yr Wyn

this rule in the first winter. While it
was expected that the mineralisation
of nitrogen would eventually decline
over a number of years as the
readily-available organic-N substrate
became exhausted, the rapidity of
decline in this case is unusual. This
may be the result of efficient uptake
of NO, by certain types of
vegetation that were thriving in the
drier conditions at the expense of
pure wetland species. Alternatively,
denitrification of NO_ may have
increased as the bacterial population
built up in response to increased
available nitrate. NO data support
the denitrification theory, as NO,
emissions were suppressed in the
first year by 80% compared 1o the
control wetland but by only 23% in

the second manipulation vear.

AL REPC

While the soil water conditions in

the wetland were becoming more

fes )

acidic, the reverse was happening i
the streamflow. Streamflow pH
increased markedly as the leaching
route for sulphate removal from the
body of the wetland was blocked,
and as the contact time between
streamflow and the more highly
huffered mineral deposits
surrounding the natural pipe svstem
that drains the wetland increased.
This splitting of flow pathways was
also a natural dry-weather feature of
the Ceunant Ddu wetland at
Llanbrynmair, although the channel
here was on the surface rather than
sub-surface. In other respects the
Cerrig yr Wyn and Ceunant Ddu
wetlands behave very similarly in
terms of the retention or release of
ions, though the fluxes differ
considerably in magnitude. Loss of
phosphorus is a major exception.
the Cerrig yr Wyn wetland acting as
a source, possibly from soil erosion
or peat wastage during the drought.
and the Ceunant Ddu as an effective
sink. In general, the effectiveness of
the Ceunant Ddu wetland is greater,
particularly ds a sink for nutrients
and metals, probably due to its
larger size in relation to its upstream

catchment.

This is a good indication that both
natural and artificial riparian
wetlands can be used as an agent of
improved water quality. It is
important however that the area of
riparian wetland is reasonably large
in comparison with its catchment
area, and that Lll';lm;l‘uv management
is curried out 1o ensure that slope
runoff is routed through the wetland

CNSUring Maximum contact time.

Contact: Jim Hudson




A new, lightweight, air-freightable
drilling rig has been designed and
built to meet the Institute’s need for
a rotary rig that can operale in
difficult access locations both in the
UK and abroad. The rig is capable of
auger, air flush rotary and down-the-
hole (DTH) drilling. These are the
preferred methods in subsurface
hydrological investigation, as waler
or mud flush methods are likely to
contaminate the subsurface

hydrological environment,

Applications for the rig are
installation of deep neutron probe
access wbes — techniques for which
have already been developed and
used at several locations — and
installation of shallow groundwater
monitoring wells. The rig is
designed to auger drill at 150 mm
diameter to 15 m depth, diamond
core at 46 mm diameter to 100 m
and DTH hammer drill at 100 mm
diameter 1o 80 m depth,

The rig has been used successfully
to install groundwater monitoring
wells at difficult access locations
within the Institute's experimental
catchments at Plynlimon as part of a
joint research programme funded by
NERC and NRA. Used together with
a trailer-mounted Pilcon Traveller
30, groundwater has been proved in
all 22 wells drilled to depths of up
to 45 m in mainly Silurian
mudstones. This has confirmed the
widespread oecurrence of
groundwater in fissures in the

bedrock with a pH range of 4.5-0.7

Surface soil water The Surface
Capacitance Insertion Probe
(SCIP) has undergone testing,
hoth in-house and by selected
observers overseas. This has
included the use of the probe 1o

produce ground truth data for

LAND USE AND EXPERIMENTAL HYDROLOGY

(which increases by up to 1.5 pH
units after dissolved carbon dioxide
has degassed). Previous work on
streamflow chemistry has shown
that baseflow is more alkaline than
quickflow, The groundwater
chemistry observations seem
therefore o confirm the hypothesis
that the baseflow is groundwater
fed. Deeper wells in these
muclstones are surprisingly
productive and have yielded flows
as high as 3001 min ' (with 0.5 m
drawdown). Geophysical logging
carried out by BGS as part of the
joint programme has shown [low
from fissuring down to depths of

over 30 m:

Contact: Andy Dixon

Improved drilling
capability for difficult
terrain

The new IH drilling rig in operation at Plynlimon

surface soil dielectric constant
and water content Lo compare
witlt remotely-sensed
observations by the ERS-1

satellite. Work is proceeding on

characterising probes in terms of

dielectric constant and soils in

INSTITUTE OF HYDROLOGY ANNUAL REPORT 1994-95

1994/95 highlights

51




the same terms to produce a
series of probe-independem
calibrations, as well as providing
a link with other dielectric-
based methods for measuring
water content, such as Time-

Domain Reflectometry.

IH capacitance probes used to

calculate SMD An Automatic
Soil Water Station (ASWS) m
Wailingford uses probes at 3, 15
and 50 cm depths 10 estimate
the soil moisture deficit,
integrated over a depth of one
metre. Percentage volumetric
water deficits at each depth are
determined and compared with
other measurements
(gravimetric, neutron probe)
and with MORECS estimates.
These data are now
disseminated via the monthly
Hydrotogical Summary for Great
Britain (available from the
Institute: contact Shirley Black).

Water quality instrumentation

WISER (Wallingford Integrated
System for Environmental
monitoring in Rivers) systems
are capable of logging key
water quality data (including
pH, electrical conductivity ancl
turbidity). Automatic sumpling,
with programmable triggering
routines, is a further feature,
Many units have been deployed
in the LOIS programme and at
Plynlimon. Telemetry allows the
units 10 be interrogated
remotely.

Atmospheric H,0/CO, flux

instrumentation has been
recently developed, using «
LiCor closed-path infra-red gas
analyser and Solent 3-D
ultrasonic anemometer to
measure CO, and water vapour
fluxes. These are closely linked
through plant transpiration. One
system is being installed in
Svalbard in the Arctic Circle and
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another in the Amazon
rainforest. The results will be of
value in furthering knowledge
of links hetween climate change

and the hydrological cycle.

ASWS measures flood hazard (for

NRA). The Institute's Automatic
Soil Water Station, reported
extensively in last year's Annual
Report, has been used 10
investigate further the relation
berween soil water content and
flood hazard in a clay-
clominated catchment. Nearly
five station-years of soil water
content data have been
collected. Using measured soil
water content at 0.15 m depth
as an input to the IHACRES
model, the predictive accuracy
of the rainfall-runoff model
improved and the period of
calibration data required
reduced markedly.

Catchment consultancy work in

Chile (for OIDA). IH has been
subcontracted to give advice on
the selection, instrumentation
and operation of a number of
trial catchment studies whereby
Newcastle University will
transfer SHE maodel technology
to the Chilean forest service,
CONAF,

International links The Instituie

participates closely in the
European netwark of
Representative and
Experimental catchments which
COVers many countries in
western and central Europe. A
successful conference on
Temporal Variahility in
Hydrology was held at
Barcelona University in the
autumn 1994,

"Septum" tensiometers Testing of

septum stoppered tensiometers
shows they operate under a

wide range of soil water

LGOS

conditions, eliminating the need
for mercury filled manometers

in many situations.

Jersey catchment study A model 10

predict groundwater recharge
and streamflow response in
Jersey is being developed and
tested on the accumulating data
from this catchment. An aerial
survey of land use was carried
out in May 1994 and the
monitoring network has been
expanded to include automatic

stream water quality sampling.

Hydrological impact model for Sri

Lanka Experimental studies
initiated in 1993 have continued
at two hydrologically distinct
regions -within the Mahaweli
Catchment. The data are being
used to calibrate a process-
based hydrological impact
mode! and will be linked 10 a
GIS as an aid to rationalising
land-use planning and

reforestation in the area.

IH Plynlimon staff commissioned

by Powergen plc¢ o study flood
risk in the catchment of the
Nant y Moch reservoir, mid-
Wales, There was a need to
update risk assessments using
the Flood Studies Report
techniques and incorporating
hydrometric data (mainly
rainfall) that had become
available since the dam was
originally built and the
operating rules defined.

Hydro-power assessment in

developing countries is often
hampered by a lack of local

data and the difficulties of using
sophisticated flow gauging
techniques in remote areas,
Dulas Engineering, a small {irm
operating in mid-Wales, wgether
with I Plynlimon staff, have
developed a suitable gauging

methad using pressure



transducer water level sensors in
stream sections rated by salt
gulp dilution techniques. Two
of the test siies were adjacent o
flow gauging structures in the
Plynlimon catchments and a
third site at Abergynolwyn
where the sali method was
checked by IH using the more
sophisticated, accurate and

reliable technique of constant
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Coalburn afforestation study
findings have been incorporated
in the latest edition of the
Forestry Agency's Forest and
Water Guidelines for woodland
owners and managers.

Sediment outputs associated with
timber harvesting IH has been
commissioned by the NRA to

measure sediment transport in

rate dilution gauging using forested streams in England and

sodium iodide. Wales, including impacts on
channels, water quality and

The EC LIFE initiative provides stream habitat.

funding for projects o

demenstrate methods for

improving the environment. IH

Plynlimon is providing

hydrological and

hydrogeological expertise to

Somerset County Council, the

RSPB and English Nature, who

are re-creating reedbed habitat

in worked-out pear areas.

Impact of groundwater
abstraction on wetlands in
East Anglia is being studied by
[H Plynlimon and the
Hydrogeology Division of the
British Geological survey for the
Anglian Region of the NRA, in
particular the connections
berween groundwater-fed
wetlands and major aquifers. An
innovative approach, hbased on a
water budget model and a
limited amount of wetland
water level data, was used 1o
predict the effect of changes in
groundwarer levels on wetland

habitats.

Optical disdrometer-rainfall
simulator studies in India and
Sri Lanka have confirmed the
importance of raindrop size in
determining the wetting
response and interception loss

from forests,
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APPENDIX Il
Current research
projects

The Institute of Hydrology (s a componem
hody of the UK Natural Environmeny
Research Council. Irs science contributes 1o
the integrated research programmes of the
Centre for Ecology und Hydrology.
CORPrising
Institure of Freshwarer Ecology
Institute of Hydrology
Institute of Terrestrial Ecology
and
Institute of Virology and Environmenial
Microbiology

(see page 71)

Programme 3
Global Environmental Change

Surface and boundary fayer measure-
ments, Sahel

Joim fluxes in tropical forests

Understanding SVATS for global modelling

Macromexdelling (TIGER 111

Automatic weather station, Wytham site

Hydrological impacts modelling CTTGER
V)

Biome change as a climatic feedback

Tropical rainforest processes

ABRACOS: micrometcorology aned
climatology

ABRACOS: plant physiology and soils

ABRACOS: Tropical rainforest processes

Application of ABRACOS 1o planning LBE

Climate change

Climate change and water resources in
Fast Africa

CLIMEX — climate change experimert

Hydrodimatology: atmosphere and
hydrology in Europe

EC climate ghange and water resources

Programme 4
Water Management and
Hydrological Extremes

Experimental catchments

Plyalimon water use

Effect of clear felling on upland runoff

Impacts of riparian wetlands on stream
clhiemistry

Water rescurces and afforestation in
Scotland

Fluvial geomorphology

Conservation management of weilands

Erosion of forest roads

The protection of East Anglian wetlands

Impact of pasticubate outputs from timber
harvesting

Catchment data
Plynlimon data water information system

Hydrological modelling

Real-time forecasting of river flows

Distributed hydrological and
hydrochemical models

Yorkshire river flow forecasting system

Development of improved methods of
snowmelt forecasting

Storms, floods and radar hydrology

Shaort-term consultancies in hydrological
malelling

HYRAD - Hydrological Radar System

River Sour flood warning system

Consultancy, UK

Minor repayment studies

Sub-surface exploration contracts

Jersey cutchment study

River Lavant floading investigation,
Chichester

Resource strategy planning

Pakistan flood course

&8 INSTITUTE OF HYDROLOGY ANNUAL REPORT 1994-95

Consuitancy, overseas

Future water supply strategy, APC Jordan

Support services for overseas repayment
studies

World Flood Study — Phase 1l

Review of waier resources in Lesotho

Water resource development, The
Philippines

Global water scarcity

Hydrological review of the Kafue River,
Zzmbia

Tanga and Morogoro waier supply,
Tanzania

Surface Water Archive
UK surface water data
Water resources research progress

Flood event modelling

Continuous simulation model for flood
estimation

Representative basin dutabase

Hydrological summaries for Great Britain

Flow regimes

Flow regimes in Western Europe

Micro-low-flows

Low flow estimation in adificially
influenced catchments

Modelling faunal and floral response

European small hydropower atlas

Southern Africa tow flows

Naturalised flows in Essex

UK low flow training course

Ecologically acceptable flows

Storm hazards and hydrological

extremes

Methods of statistical fload estimation

Flood estimation methods: training
courses

Rainfall forecasts, Cameroon hydroelectric
schemes

Rainfali frequency study: England and
Wales

Flood response of large catchments

ADEPT - analysis of dependent time-
series

Strutegy for successor publications to the
Flood Stiedies Report

Restatement of FSR minfall-runoff method

Catchment characterisation for flood
estimation

Confluence flood: joim probability

Hydrological software

Sofiware development

HYTIATA

HYRROM (hydralogical rainfall runoff
made])

GRIPS (groundwater information process-
ing system)

QUASAR — VAX-version model

QUASAR — PC conversion

Micro-FSR

FFAP (flood frequency analysis package)

HYQUAL (water quality database)

Software training

HYDATA dissemination

HYDATA for Uganda

SWIPS sales and development

IHACRES sales and development

Micro-low-flows sales

HYDATA — Windows development




Environmental Information Systems

Development of a hydrogeographic
database

Water Information System

Redigitising the rivers of the NRA North
West Region

WIS for rivers affecied by cooling water

Agrohydrology

Small-scale irrigation schemes: collecior
wells

Management of limited water resources

Low-cost, high-cfficieney irrigation

Irrigation using collector wells

Urban hydrology

Urban impacts on flood runoff in
medium-scale mixed
catchments

Urban drainage in the developing world

Hydrological radar experiment

(HYREX)

Short-period forecasting incorporating
radar data .

Radar-raingauge networks for hydrologi-
cal use

Programme 5§
Land/Ocean Interaction Study
{LOIS)

Operational management and preparation
for field science

Analytical chemistry

Database/GIS for LOIS data centre

LOIS core modelling

LOIS — remote sensing of river corridors

Instream water quality modelling

Programme 6

Hydrological-Processes - —

Regional scale modelling

FIFE/BOREAS

UK Meweorological Office joint develop-
ment (MITRE)

A model of seasonal vegetation growth
for GCMs

Development of SVAT models in EFEDA

Tundra soil-vegetation-atmosphere
climate interaction

Dryland degradation processes

Mant physiological controls of evapora-
tion

Hillslope flow process study: Zimbabwe

Water resources in the Messara valley

Environmental impact of trees

Environmental implications of trees and
land-use systems

Water balance of African lakes

Land-use change, Upper Mahaweli
catchment, Sri Lanka

Hydrological effects of short-rotation
energy coppice

Waier resource maodeliing for large
catchments

Water resources in Southern Africa

Semi-arid zone water balance

Water use efficiency of rainfed crops
Water use by vegetation in the Szhel

Arid zone recharge (SAGRE)

HAPEX I - Sahel: soils

Remote sensing of semi-urid regions
Water balance of agroforesiry system

on hillslopes

Land-use change and over-exploitation of
waler resources,
Spain

Surface and subsurface processes

Burnham Beeches groundwater feasibility
study

Stream hydrograph and storm runoff
mechanisms

Continuous monitoring of soil moisture for
the NRA

Worton Rectory Farm groundwater
investigation

Analysis of Coalburn catchment dita

Herbicide degradation in the sub-surface

Development of a consistent procedure
for groundwater
eslimation

Effuct of forestry on summer baseflows

Remote sensing

European Space Agency ERS-1 mission

Application of remote sensing to
hydrology

Evaporation input for GCMs from satellite
data

EC - ASEAN regional remiote sensing,
ERS-1

Programme 11
Freshwater Biology and Water

Quality

Water quality

European network of catchments —

Pesticide pollution in cutchments

Acid waters monitoring network

Organics in the aguatic environment

Critical loads of sulphur and nitrogen

Nepal research project

Modelling £. coli concentrations in
streams

Environmenial change in ecosystems

Nitrogen module for MAGIC

Fate of pesticides in unsaiurated/saturated
zones

Biodiversity in the Himalaya — Darwin
Initiative

Hydrochemistry

Forestry impact on upland water quality

Identifying hydrological flow pathways,
Spain

Assessing hydrochemical flow pathways

Hydrochemical process studies — TFS/BGS

Programme [3
Scientific Services

Hydrological instrumentation
Capacitance probe
Autematic weather station

APPENDICES

Field instruments

Maintenance and development of Hydra
cquipmennt

Soil laboratory physics equipment pool
and services

ODA coordination

ODA programme coordination
IAHS/ODA UNESCO funding

HOMS activities

Information and dissemination activities
ODA hydrological adviser

ODA Resource Centres Scheme

Hydrochemistry laboratory
Chemistry laboratories

Acid waters central chemisary
Environmental isotopes
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APPENDIX 1V Sources of income

Finance The histogram shows the sources of
the Institute's .ncome over the past
eight years, adjusted to 1994/95

prices

£m

10

Miscellaneous
Private
Public

Govt. other

EEC
ODA
NRA
DoE
MAFF

Tiger, LOIS +
Special topics

Science Budget

H (EECTEEENCNNE N

86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 94/95
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APPENDIX V

The NERC Centre for Ecology and Hydrology component institutes

Centre for Ecology and Hydrology (CEH)
1. Wallingford

Institute of Freshwater Ecology (IFE)
2. Windermere
3. Wareham
4. Monks Wood
5. Edinburgh

Institute of Hydrology (IH)
6. Wallingford
7. Plynlimon
8. Stirling

Institute of Terrestrial Ecology (ITE)
‘9. Monks Wood
10. Edinburgh
11. Banchory
12. Bangor:
13. Merlewood
14, Furzebrook

Institute of Virology and Environmental

Microbiology (IVEM)
15. Oxford
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